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CHAPTER I 
THE PURPOSE OF SIMSTOCK
This project was designed to test the feasibility of 
developing a computer model to simulate a cross-section of a 
stock market. The ultimate goal is a model sophisticated 
enough to provide sufficient realism for use as a supplement 
in investment education. Necessary ingredients of such a 
model would include offering the participants a cross-section 
of the diverse options available to real investors and gener­
ating the type of information necessary to formulate rational 
investment decisions. Decision-making information would con­
sist of at least some general econometric news and certain 
aggregate statistics of the stock and bond markets.
The purpose of this project, then, is to outline the 
basic design of such a model, to specify significant features 
of it, and to propose some stochastic simulation mechanisms 
which could generate meaningful stock market and economic 
data to describe a hypothetical but realistic environment.
Investment Education
This research originated during an investment seminar 
conducted in 1968 at the University of Montana's Malmstrom 
Program. A typical learning method employed in investment
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
courses is to require each student to invest a hypothetical 
amount of money in securities at the beginning of the course. 
Each student "manages" his portfolio for the duration of the 
course, and reports at the conclusion on his portfolio’s 
performance against whatever goals were chosen at the onset.
Theoretically, this method will get students "involved 
in the market": they will visit brokers, scan current invest­
ment news, and familiarize themselves with investment decision 
criteria. In practice, however, the method seems largely 
ineffective in developing any well-rounded knowledge of in­
vestment alternatives or strategies. Its primary weakness 
is the short amount of time involved which directly limits 
the scope of the student: invariably, he will tend to con­
centrate on a "long" position in some common stock or stocks 
which appear to offer short-term stability or growth.
Also, during short periods of time, securities markets 
will not normally demonstrate any large movements of prices. 
Some dramatic exceptions are always a possibility, but even 
in periods of rapid change, movements will be all positive 
or all negative. A sound investment education should include 
exposure to enough situations so that omni-directional move­
ments can be experienced by the student.
The goals of the educational method just discussed 
are correct, but the method is inadequate to meet those goals. 
Questions may be raised concerning the necessity for 
"exposure" or "experience" in investment education: a wealth
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
of historical data and price theory is available to the 
stock market student, and it might appear that these alone 
are sufficient for educational goals to be met. However, a 
quick look at the rapidly expanding field of business gaming 
would reveal that education is increasingly making use of 
simulation when decision-making under uncertainty is studied. 
The growth in computer simulation applications is easy to 
comprehend* experience can aid the decision-maker operating 
under uncertainty, but actual experience may be both time- 
consuming and expensive (the latter especially, in the stock 
market). Simulation models have been developed in recent 
years to fulfill needs of this type.
Computer Simulation as an 
Educational Supplement
Interest in computer simulation techniques led to 
consideration of employing a "realistic" dynamic model as a 
supplemental device in investment education. Realism, in 
the context of simulation, is a qualitative characteristic 
implying a close relationship between the model and the 
system it represents. This relationship may be highly super­
ficial, but the reaction of a "realistic" model to certain 
stimuli should approximate the response typical of the real 
world under similar circumstances. A model is an imperfect 
learning tool due to the errors in its approximations and 
the loss of reality arising from oversimplification. Models
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
of complex systems can only be constructed by allowing some 
generalizations. Therefore, the model-builder is confronted 
by a series of choices when constructing a model.
If a somewhat realistic model could be developed, a 
powerful— albeit imperfect— learning tool would be available 
to supplement actual experience and to expand the student's 
understanding of the real world (the stock market). The 
computer's ability to "compress" time would allow numerous 
"pictures of the market which would only occur over a 
period of several months or years in the real world. A 
basic tenet of this project is that involvement during the 
educational period is indispensable to anyone who would 
desire a meaningful knowledge of investing. The psycholog­
ical and emotional problems of dealing with the vagaries and 
complexities of the marketplace can only be understood and 
(hopefully) surmounted by experience.
Design of the Project
One reason simulation models are developed is to 
promote learning. Initially, computer simulation models were 
developed by and for practiced and experienced professionals 
for advanced special studies in their respective fields. 
Computer models were not used extensively for purposes of 
formal education. The rapid growth of computer installa­
tions in colleges and the increasingly earlier introduction 
of students to these facilities are tending to erase this
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
developmental "lag”, but much more research and application 
work is required to fully utilize the excellent potential of 
the computer in formal education. This project is oriented 
toward helping to fulfill this objective.
Computer program segments shown in this paper have 
been written in a version of the FORTRAN II language known 
as AFIT KINGSTRAN. This language version was adopted from 
the University of Toronto's KINGSTON FORTRAN II, and is a 
two-pass system designed for the IBM 1620 computer.^ Trans­
lation to any other FORTRAN language version would be rela­
tively simple.
Modular construction was deemed most appropriate for 
facilitating adaptation to a wide array of computer systems 
with varying storage capabilities. Therefore, extensive use 
was made of subroutines and common storage of data. Struc­
ture criteria was imposed by the system available to the 
researcher, an IBM 1620 Model I of 40,000-bit core storage 
and card input/output.
Organization of the Project
Various stock market theories and concepts are exam­
ined, and the empirical evidence concerning these theories is
Faculty of Applied Science and Engineering, Univer­
sity of Toronto, KINGSTON FORTRAN lit Language Specifications. 
ed. by P.I.P. Boulton; and Mathematics Department, Air Force 
Institute of Technology, Operations Manual» AFIT KINGSTRAN.
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reviewed. Basic to any model are its underlying postulates, 
reflections of the model-huilder*s conclusions or hypotheses 
about the real world. Theories of the market and an empir­
ical appraisal of these theories are presented in Chapter II.
A stock pricing mechanism and its underlying ratio­
nale are developed in Chapter III. Functional relationships 
within the SIMSTOCK model and significant indicators and 
operating features are also outlined in this chapter.
A structure is suggested for the model in Chapter IV 
which will fulfill the requirements previously discussed.
The structure consists of three passes, or independent pro­
grams. This chapter also explains the simulation mechanisms 
which form the SIMSTOCK economy and market environment, or 
"Pass Two", which is operational. Completion of this parti­
cular segment of the model fulfills the objective of this 
projectÎ however, work will be continued to develop SIMSTOCK 
into the type of model described earlier. Some additional 
work has already been accomplished toward this goal, and is 
partially presented herein.
Results of the study, some conclusions, and additional 
research requirements are reviewed in Chapter V.
The complete FORTRAN source program for Pass Two, a 
glossary of variable names, some notes on the random generator 
employed, and a sample test result are included in Appendices.
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CHAPTER II
THEORIES AND EMPIRICAL APPRAISALS 
OF STOCK MARKET PRICE MOVEMENTS
"To put its market advice on a truly scientific 
footing, a brokerage house acquired a huge com­
puter and pumped in all the market tops and 
bottoms, prices, volume, the latest data on 
sunspots, lammings [sic], and the moon. As 
tape spun through the machine, the partners 
gathered around watching the lights blink.
After much buzzing, the typewriter clickety- 
clacked its answer: Buy low— sell high.
(A popular "Street" joke.)"^
Theories about price movements are almost as numer­
ous as the number of issues traded on the exchanges, but 
most fit into one of four broad, slightly overlapping cate­
gories— fundamental, technical, psychological, and scien­
tific. Before discussing each of these groups, some defini­
tions are necessary to avoid semantic ambiguities. For 
instance, many Wall Street professionals claim that the 
first truly "scientific" study of the market began with 
Charles Dow and his celebrated theory. Dow, however, marked 
the beginnings of what is referred to in this paper as the 
technical approach. Likewise, professional traders refer to
^Quoted in William Gordon, The Stock Wkrket Indicators.
p. 143.
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the scientific approach (somewhat disparagingly) as the 
"academic" or "academician's view" of the market. Needless 
to say, this group of theories is not given much respect on 
Wall Street. Reference to this group as a "cult of ignorance" 
is a milder sample of the responses it invokes from many 
members of the investment community.
One must comprehend the basic differences of this 
latter approach to fully understand its unacceptability to 
the investment community. Dow started the technical movement 
before the turn of the century, and fundamental analysis pre­
dated even Dow. Anyone observing the vicissitudes and incon­
sistencies of price movements over time can quickly recog­
nize a prevelant catalytic "psychology" at work in the market­
place. Thus the first three categories of theories— funda­
mental, technical, and psychological— have some history or 
some visible underlying logic. A common thread of inter­
dependency links these three groups despite the conflicts 
between their adherents. The scientific approach is radi­
cally different: it starts with the premise that price
series are composed of independent elements. In other words,
1prices have no memory. Today's price is independent of 
yesterday's, and tomorrow's price is independent of the 
price today. This concept is called the random walk theory: 
a price series will exhibit the properties of a stochastic
^Adam Smith, (pseud.). The Money Game, p. 148.
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variable, wherein each element is independent of previous 
elements. No matter what else is said, this serial inde­
pendence of price changes is the crux of disagreement between 
proponents of a random walk theory and all other groups of 
theory. All others are based, to some extent, on price 
dependency.
One must also remember that the investment community 
derives a substantial portion of its income from advising 
and forecasting. If the idea circulates that a handful of 
darts thrown at a list of stocks can advise just as well, 
then this community will naturally feel threatened— espec­
ially when the cost of darts is compared to advisory service 
fees.
Random walk theory really does not ascribe to darts, 
though, but so much animosity exists that distortions are 
rampant. The random walk theorists equate technical analysis
with astrology and necromancy,^ while analysts lampoon random
2walk theory as the "know-nothing approach of selection."
These four categories of theories are briefly 
explained in this chapter. Some of the empirical evidence 
is presented, and the chapter is concluded by a discussion
Sidney S. Alexander, "Price Movements in Specu­
lative Markets: Trends or Random Walks, No. 2," Random
Character of Prices, p. 3^1.
2Krow, Stock Market Behavior, p. 16.
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of factors suggesting rapproachment between the investment 
community and the newer theory of random price movements.
Fundamental Analysis
"Don't gamble! Take all your savings and 
buy some good stock and hold it till it goes 
up, then sell it. If it don't go up, don't , 
buy it. . . .Will Rogers, October 3I, I929."
The search for value
Fundamental analysis has determination of "value"
as its goal. In the nineteenth century, a firm’s assets
were thought to be a good indication of value: whatever the
company owned, the stockholder owned, in proportion to his 
2shares. But bankruptcies proved that corporate assets lost 
considerable value in liquidation, while disparities between 
similar corporations' earnings-to-assets ratios were also 
difficult to ignore. The amount of corporate debt also 
proved to be misleading in later years when borrowing became 
a respectable activity. Companies began requiring a higher 
percentage of external funds, and borrowing had the appeal 
of increasing leverage, maintaining stockholder control, and 
gaining more favorable tax treatment. The rise in corporate 
debt was accelerated in the late 1960's because convertible
^The Autobiography of Will Rogers, ed. by Donald 
Day, quoted in Gordon, Indicators, p. ^3.
2Ralph Bellemore, Investments, p. I05.
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bonds were used to acquire stock during mergers and acqui­
sitions.^ Therefore, one company could be carrying much 
more debt than another, and yet be profiting handsomely.
Fundamentalists then left the balance sheet in
favor of the income statement. Therein lay the key to
value: what the company could earn! Since "... an invest-
2ment is the purchase of future economic performance," the 
capitalization of earnings was justified and practiced. The 
primary question, "What does it pay?" was answered by calcu­
lating the present value of expected future dividends. "The 
tenet is that a common stock is worth the present value of 
all future dividends.John Burr Williams described the 
theory in 1938 (The Theorv of Investment Value), but 
Nicholas Molodovsky refined the application of the theory 
in several important ways. Molodovsky*s most important con­
tributions were substituting earnings-per-share for divi­
dends and recognizing and formulating stages of earnings- 
growth related to the company's development.^
Business cvcles and stock nrices
The wavelike movements characteristic of macro- 
economic activity have been under intensive study for
^Karen Kidder, Wall Street Before the Fall, p. 5.
2Charles J. Rollo, ed., Anatomv of Wall Street, p. I93. 
^Cohen and Zinbarg, Investment Analvsis. p. 222, 
^Williamson, Investments, pp. 151-I53,
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several decades. Research has identified enough uniformity 
in these movements— despite varying characteristics— to 
describe the phenomena of "business cycles"; and the National 
Bureau of Economic Research, the Bureau of the Census, and 
other organizations have developed a number of economic 
series. These series are grouped as leading, lagging, or 
coincident indicators of economic activity.^ One of the 
leading indicators is invariably some aggregate measure of 
stock market prices, because most of these studies have
indicated that stock prices anticipate economic activity
2 Bby approximately four or five^ months.
Three explanations of this leading relationship 
have been advanced; (1) investors have good foresight and 
act on the basis of their foresight; (2) investors act on 
current developments, but these developments are precursors 
of general economic activities; or (3) market movements 
cause economic activity, post hoc ergo propter hoc (after, 
therefore because of).^ The last explanation, (3), has 
been generally discredited, but (1) and (2) are both still 
widely accepted.
^Badger, Guide to Analvsis. p. 166.
2Brealey, Risk and Return from Common Stocks, p. 32.
^Cohen and Zinbarg, Investment Analvsis. p. 37.
^Ibid.. p. 461; and Greiner and Whitcomb, Dow Theorv. p. ?6.
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Six extended downtrends of stock prices have oc­
curred in the last two decades— 1953» 1956-57» 1959-1960,
1962, 1966 and 1969-70. Most of these downward spirals 
preceded slumps in business activity, and ended before the 
recovery phase of the economy began. However, no corres­
ponding drop in business activity followed the I962 market 
drop, although that decline averaged twenty-three percent.^
A similar erosion of stock prices, also around twenty-three
percent, occurred in 1946 without an accompanying business 
2slump. The other downtrends referred to above, although 
accompanied by business slumps, were not proportional in 
magnitude to the business downturns.
These disparities have confounded fundamental analysts. 
Many serious investigators have hypothesized that stocks do 
predict business activity, but only as accurately as investors 
can foresee the future. Thus stock price changes have a dual 
causation: "A real cause is a change in actual economic con­
ditions. A psychological cause is a change in men's attitude 
of mind toward actual economic conditions."^
Recent analysis has uncovered some startling new 
insight to this whole relationship hypothesis. Work con­
ducted by the Econometrics Research Program of Princeton
Cohen and Zinbarg, Investment Analvsis. p. 459.
2Gordon, Indicators, p. 5.
-'̂ Greiner and Whitcomb, Dow Theorv. p. 70.
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University in the early 1960*s has indicated a much weaker 
correlation between stock prices and various business cycle 
components.^ These studies have raised questions, but have 
not yet resulted in any disproof of the contention that 
stock prices as a whole precede macro-economic activity.
"Standard method" of valuation
The 1962 edition of Graham, Dodd, and Cottle's 
classic text. Security Analvsis. defines the "standard 
method of valuation" as "capitalizing the expected future 
earnings and/or dividends at an appropriate rate of return.'* 
William Kurtz elaborated on the capitalization-of-earnings 
approach. He reasoned that a stock would still have value 
even if earnings were sometimes zero or negative, and that 
prices reflect some "residual" value plus some "multiple" 
of earnings. Refinements of his theory have been the deter­
mination of residual value as the last bear market low or 
as a capitalization rate applied to normal earnings. A 
growth factor and a quality factor are then thrown into the 
equation for good measure.^
C. W. J. Granger and 0. Morgenstern, "Spectral 
Analysis of New York Stock Market Prices," Random Character of Prices, pp. l64, I78.
2Benjamin Graham, David L. Dodd, and Sidney Cottle, Security Analysis. 4th ed., p. 435-
^Rolo, Wall Street, p. 148.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
F"
15
Other factors
The fundamentalist does not determine value in a 
vacuum: he is a relativist. He assesses the state of the 
market, the industry, the economy, and the political scene.
He employs business indicators, market statistics, exper­
ience, and intuition. He attempts to quantify his analysis 
whenever possible by including present value calculations 
concerning dividends and earnings, and by reviewing price- 
earnings ratios and earnings-growth rates between both 
individual companies and their corresponding industries.
The fundamental approach is considered more conser­
vative than any other, and most investment literature is
2written from this viewpoint. Despite its widespread accep­
tance, fundamental analysis nevertheless receives its share 
of criticism. Most of this criticism arises over the several 
"judgement" factors fundamental analysis requires. The 
analyst must judge the quality and depth of management, the 
probability that past information is a reliable indicator of 
future performance, and the exogenous factors of government 
and politics. Even past information offers no certainty of 
accurate portrayal due to variations in accounting methods.
1 Ralph A. Rotnem, "The Valuation of Common Stocks: 
The Fundamentalist's Approach," The Anatomy of Wall Street, 
ed. by Charles J. Rollo and George J. Nelson, p. Ik?,
2Krow, Stock Market Behavior, p. k.
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A Forbes magazine article once presented an actual company's 
income statement— disguised as the "Golden Fleece Manufac­
turing Company"— under both conservative and liberal account­
ing policy, and computed respective earnings-per-share fig­
ures of $1.99 and $3.14 for the same year.^
Those of technical theory persuasions accuse the 
fundamentalists of disregarding the laws of supply and 
demand. Technical theorists agree that those factors 
studied by fundamentalists certainly do have an effect on 
prices, but that changes in prices are caused by a much 
broader set of variables. These complex causative factors 
do not yield to analysis, but since their effects can be 
seen in price and trading statistics, then these resulting 
statistics can be analyzed. They also contend that shares 
may sometimes be overpriced relative to any "value" calcu­
lation, but may still continue to appreciate and yield a 
gain due to strong demand or weak supply. A final, and most 
important, criticism is timing. A fundamental approach 
identifies over and under-valued situations and assumes a 
subsequent price adjustment, but the timing of the adjust­
ment is ignored because the fundamentalist really has no 
tools for this work. Timing, however, is most important in 
the stock market, and it is one of the cornerstones upon 
which technical theories have been erected.
^"What Are Earnings? The Growing Credibility Gap," Forbes. May 15, I967, pp. 28-31.
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Technical Analvsis
"October. This is one of the peculiarly 
dangerous months to speculate in stocks.
Others are November, December, January,
February, March, April, May, June, July.
August, and September. ...Mark Twain."
Dow Theorv
Charles Dow founded his theory on the premise that
"It is always safe to assume that values determine prices
2in the long run." Instead of attempting to discern value 
directly as the fundamentalist does, Dow sought to analyze 
the market by the use of stock averages which would reflect 
the general trend of stock prices. He concluded that these 
averages would "discount the future" because they would 
reflect the concensus of market opinion about value.
Dow Jones and Company began publishing a daily aver­
age consisting of twelve stocks in May, I896. The number of 
stocks was increased to twenty in I9I6, and to thirty in 
1928.3 Although this number has remained at thirty, many 
substitutions have been made over the years to keep stocks 
in the list that represent actively traded shares of lead­
ing companies.^ Adjustments for stock splits and replacements
^Quoted in Gordon, Indicators, p. 25.
2Perry P. Greiner and Hale C. Whitcomb, The Dow 
Theory and the Seventv-Year Forecast Record, p. 63.
^Educational Service Bureau, The Dow Jones Average. 
4Frederick Amling, Investments, p. 448.
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are made by changing the divisor. This average has become 
known as the Dow Jones Industrial Average. The Dow Jones 
Railroad Average, started in October of I896, initially con­
sisted of twenty railroad stocks. On January 2, 1970, it 
was modified to include other forms of transportation, and 
renamed the Dow Jones Transportation Average.^
The Dow Theory attributes all fluctuations of the 
averages to three continuous and often concurrent movements--
the primary trend, the secondary reaction, and daily fluc-
2tuation. The primary trend is the broad pervasive movement 
referred to as a bull or bear market. Secondary reactions 
are the shorter reversals against the primary trend, and 
they last from three weeks to three months. Daily fluc­
tuations are considered unimportant and misleading.^
Bullish trends are recognized when the averages 
succeed in establishing new highs and do not decline below 
previous lows. Bearish trends are noted conversely. Both 
the Industrial and Transportation Averages must confirm a, 
trend to avoid the false signals which one average alone 
might generate.
^"Dow Jones Averages," Educational Service Bureau.
2Greiner and Whitcomb, Dow Theorv. p. 51»
^Wilford J. and David K. Eiteman, and Charles A. Dice, 
The Stock Market. 4th Ed., p. 446,
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Volume is used to supplement Dow Theory. Basically» 
bull markets end in excessive volume, and bear markets end 
in lower volume.
Dow Theory is a general method for determining the 
investment climate, or state of the market. It assumes that 
most individual stocks will follow the trend of the averages. 
Selection of individual issues is the concern of other tech­
nical methods. Several of these methods are a direct result 
of Dow's major premises applied to a single issue.
Common stock rates of return
In 1958, the Center for Research in Security Prices 
was established at the University of Chicago's Graduate 
School of Business under fund grants from the firm of Merrill, 
Lynch, Pierce, Fenner and Smith, Incorporated, and the Nat­
ional Science Foundation. The purpose of the Center was to 
conduct exhaustive research on refined measurements of per­
formance of stocks listed on the New York Stock Exchange. 
Preliminary results of initial work was presented in the 
Journal of Business issue of January, 1964, and more com­
prehensive results were reported in the same publication in 
July, 1968.^ These results are summarized below to famil­
iarize the reader with them. They are subsequently used as 
a yardstick for measuring Dow Theory results.
Extracted from a brochure entitled "Rates of Return 
on Investments in Common Stocks (1926-I965)," printed and 
distributed by Merrill, Lynch, Pierce, Fenner & Smith, Inc.
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The Center’s file of price and dividend data is con­
sidered 99*44 percent accurate, and it goes back to January, 
1926, thus including the 1929-1932 stock market crash. The 
most significant investigation sponsored by the Center so 
far has been Professor Lawrence Fisher's study of random 
investmments on the NYSE, Professor Fisher computed the 
results for every possible combination of month-end purchase 
and sale dates for every stock listed on the Exchange through­
out the thirty-five year period of I926-I965. For each stock, 
this represented 87,900 monthly combinations, and a total of 
56,557»538 transactions for the whole Exchange. The study 
determined these results for an issue chosen at random and 
purchased and sold at randomly-selected dates between I926 
and 1965*
(1) The investor would make a profit 78^ 
of the time ;
(2) The median return, assuming reinvest­
ment of all dividends and payment of 
ifo commissions, was 9«8# per annum, 
compounded annually;
(3) Risk of losing as much as 20̂ 2 a year 
was one in thirteen, while gains of 
20^ a year had a probability of one 
in five;
(4) If small groups of stocks had been 
randomly selected instead of just 
one, the risk of loss would have 
been reduced and the probability 
of a larger profit considerably 
improved.
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Of 210 overlapping time periods on file, positive rates of 
return occurred in 199 periods— 95 percent of the total.^
Measuring Dow Theory performance
Foremost among the collection of assumptions called
Dow Theory is the one concerning volume: "bull markets ter-
2rainate in a period of excessive activity." But a compre­
hensive study covering the period of 1921 to I966, on a 
weekly basis, contradicts this assumption. "Not once in 
this forty-five-year period did the Dow Jones Industrial 
Average terminate a bull market in the "heaviest" volume of 
the c y c l e ! T h i s  study found that the week of climactic 
activity usually occurred about halfway through the cycle.
The same study also reviewed the ninety-year period from 
1877 to 1966, covering eighteen bull markets. The volume 
highs ranged from a lead time of zero months (January I906 
and November I916) to twenty-four months (January I951), with 
an average time of nine months. The tenet about lower volume
marking bear market bottoms was more generally true, but the 
19^6, 1958, and 1962 bear markets were marked by a bottom of 
very high volume.^
^Also extracted from the previous brochure.
2Robert Rhea, The Dow Theory, quoted by Greiner and 
Whitcomb, Dow Theory, jp. 5^
^Gordon, Indicators, p. l4 .
^Ibid.
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The same study determined that, by Dow Theory, an 
average market cycle was three years and seven months, com­
posed of an average bullish trend lasting two years and two 
months and an average bearish trend of one year and five 
months. An annual rate of increase was calculated by total­
ing the percentage profit from buy to sell signal and divid­
ing the total by the sum of the time periods. An annual rate 
of 18.1 percent, when invested, was the result.^
Dow Theory adherents have always been quick to point 
out the amount of gain from buy signals to bull market peaks. 
These gains are of course overstated because the market must 
decline a certain amount before a sell signal is generated. 
Nevertheless, the 18.1 percent rate mentioned above overcame 
these objections by using sell signals instead of market 
tops. In addition to this impressive figure, the study 
included a computation for gains of holding short positions 
from sell to buy signals. These gains averaged ten percent. 
Both of these figures must be adjusted before they can be 
compared with a buy-and-hold strategy. The over-all per 
annum rate for the 69-year period studied was 14.39 percent 
However, this figure is compounded periodically, and not 
annually; it has not been adjusted for dividend reinvest­
ment; and no reductions were made for brokerage commissions. 
Compared to the 9.8 percent reported by the Fisher study.
llbid.. p. 22.
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the figure still seems impressive. Comparability is still 
not possible, however, without additional adjustments.
Comparative Dow Theory results
A brief comparative study on Dow Theory results and 
Fisher's findings was conducted which yielded some unexpected 
results. All of the data used was drawn from the two refer­
ences previously mentioned except as noted below in this 
section. Dow results were based on closing prices of days 
generating buy or sell signals, and were adjusted for com­
missions of one percent of transaction amounts. All results 
were translated by a computer program into annually compounded 
rates of return.
For the seventy-year period of 1897 to I967, the Dow 
Theory generated a rate of return of 9 »3i percent for both 
long and short positions, and a 7.69 percent return for only 
long positions. A comparison was also made for the 1925- 
1965 period covered by the Fisher study. The Dow rate of 
return was 8.36 percent for long and short positions versus 
the 9.8 percent reported by Fisher. The Dow return is net 
dividends, however, and it therefore far exceeds the 9.8 per­
cent indicated for a random buy and hold strategy. But the 
problem which persists throughout this comparison is that the 
Average is always composed of leading, successful companies. 
The Average never includes a company which flounders; such 
an issue is eliminated and replaced with another healthy one.
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In almost all cases, issues in the Average are industry 
leaders in terms of size, stock distribution and prestige.^ 
The unexpected results occurred when two subsets of 
the seventy-year period were considered. These results are 
shown below:
DOW DOW DOW
Long and Short Long Only Short Only Fisher
1 8 9 7 -1 9 2 9 1 3.31^ 9 .13# 3.75# *
1932-1967 6.81* 7.25* -.38* 15.9*^
*Not available
Again, all of the above data is expressed in annually-com­
pounded rates of return, and Dow results do not include the 
reinvestment of dividends assumed in Fisher's work. The 
unexpected results were twofold: (1) the large proportion
of pre-1929 Dow gain from short positions, and the negative 
gain from shorts since 1932» and (2) the low post-1932 rate 
of return of the Dow Theory compared to Fisher's results.
The gulf between the Dow and Fisher returns since 
1932, 8.65 percent, cannot be accounted for by any rational 
assumption concerning dividends. Moreover, the return com­
puted by Fisher is for any listed stock chosen at random.
^Frank K. Reilly, "Price Changes in N^E, AMEX and 
OTC Stocks Compared," Financial Analysts Journal, XXVll, 
No. 2 (1971), 57.
2Lawrence Fisher, "Outcomes for Random Investments 
in Common Stocks Listed on the New York Stock Exchange," 
Journal of Business. XXXVllI, No. 2 (I963), 149-161.
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Recent studies conducted at the Center for Research at 
Chicago indicate that rate of return dispersion decreases 
rapidly with some diversification, although diminishingly 
as diversification is continued:^
Number of Stocks Reduction in
in Portfolio Dispersion
2 
8 
16 
32 
128
This brief comparison is not a rigorous disproof of 
Dow Theory, but it does point up an apparent decrease in its 
relative effectiveness over the last three and one-half 
decades. Perhaps this may be attributed to a changing market 
environment arising from different investor practices, better 
and faster communications, or a host of other factors. Never­
theless, the Dow Theory has not performed as advertised. A
poor post-1933 record for the Theory has also been noted by
2other researchers.
^Lawrence Fisher, "Some Studies of Variability of 
Returns on Investments in Common Stocks," Journal of Business. 
XLIII, No. 2 (1970), 117.
2Graham, Dodd, and Cottle, Securitv Analvsis. p. 714, 
n. 85 and Fischer Black, "Implications of the Random Walk 
Hypothesis for Portfolio Management," Financial Analysts 
Journal. XXVII, No. 2 (1971)» 17.
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Confidence Index theory
Barron’s Confidence Index, published weekly since 
1932, is computed by dividing the yield on Barron’s 10 
High-grade Bonds by the Dow Jones 4-0 Bond Index.^ The 
latter index consists of supposedly lower-quality issues 
whose prices will go down faster than high-grade bonds as 
confidence wanes. Since bond yield is inversely related to 
price, relative price erosion of lower-grade bonds will 
increase their yields and subsequently decrease the level 
of the Index.
A basic tenet of Index adherents is that this
2indicator portrays the movement of "smart money": the bond
market is dominated by professional money managers who have 
primary access to economic and business information and who 
are consequently superior to the average investor in eval­
uating future conditions. Most adherents claim the Index 
to be one of the few leading indicators of stock prices, and 
a few claim that it can predict the magnitude as well as the 
direction of future stock price movements.^
^Badger, Guide to Analvsis. p. 84.
2Donald E. Vaughn, Survev of Investments, p. 385.
^Joseph E. Granville, "Bull Versus Bear," Barron’s. 
September 12, I966, pp. 3-IO.
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Confidence Index results
Joseph E. Granville, one of the staunchest sup­
porters of the Confidence Index theory, has stated that 
changes in the Index forecast market movements two to four 
months in advance. Furthermore, he implies a direct correl­
ation between the magnitudes of these movements.^ The 
history of this indicator from its inception in 1932 until 
1966 bears no resemblance to his description of it. Major 
market tops have occurred from four months before to six­
teen months after Index highs, while market bottoms have 
occurred from eight months before to five months after 
Index lows. Index changes of 6 points have corresponded 
to Dow Jones Industrials' changes of 105 percent, while
changes of 8 points have corresponded to Dow movements of 
219 percent.
The Index is constructed in such a manner that it 
should really not work at all. The group of high-grade 
bonds whose yields appear in the Index numerator are all 
rated AAA? but of the bonds composing the denominator— the 
so-called lower-grade liens— two are issues appearing in 
the numerator, fourteen are also rated AAA, and another 
eight are rated AA. All of the rest of the "low-grades" 
are still A-rated except for some railroad issues. Indeed,
^Krow, Stock Market Behavior, p. I36.
2Gordon, Indicators, pp. 83-87.
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critics feel that these rail issues are the source of Index 
fluctuations, but rather than indicating the movement of 
"smart money," these fluctuations may just be reflections 
of the rapidly changing situation in the railroads today.^
Moving Average Theory
Identification of the trend of an individual stock 
can be accomplished by computing the direction of a moving 
average line. No general agreement exists on how many 
elements should comprise the moving average except that a 
larger number of elements provides fewer false signals and 
a lower profit expectancy.
More recently, "filters" have been used with fewer 
elements in a moving average to simultaneously reduce false 
signals and obtain a more responsive trend line. When a 
price movement penetrates some percentage filter, then a 
buy or sell signal is given. Again, the percentage is a 
matter of personal choice, but the filter size correspond­
ingly reduces the responsiveness of the moving average line: 
larger filters decrease profit expectation while smaller 
filters increase risk.
Monthly moving averages
A study utilizing data-tapes from the University of 
Chicago's Center for Research tested monthly moving average
^Krow, Stock Market Behavior, p. 140.
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theory. The study employed a simulation model to compare 
trading based upon a two percent filter rule against a 
simple buy-and-hold policy. Only two of the forty runs 
made resulted in any superiority of the filter rule signi­
ficant at the five percent level of significance, and none 
were significant at the one percent level. The buy and hold 
strategy was far superior than the moving average method, 
and produced a better return, especially in cases where 
adjustments were made for dividends. Even better results 
were obtained for buy-and-hold when short positions were 
allowed between moving average sell and buy signals. These 
additional gains were mostly attributable to the loss of 
dividends for the moving average policy when a long position 
was not held (and the payment of such dividends when a short 
position was maintained).^
Advance-dedine theorv
An advance-deCline statistic is generated by starting 
with some arbitrary constant such as 10,000. Each day, the 
number of issues closing at a higher price are added to this 
constant while those declining in price are subtracted. An 
alternate approach is to divide the difference between 
advances and declines by the number of issues traded to
F. E. James, "Monthly Moving Averages— An Effective 
Investment Tool?", Journal of Financial and Quantitative 
Analvsis. Ill, (September, I968), 315-326.
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form a ratio.^ This ratio eliminates a dependency of the 
statistic on the number of issues listed on the exchange.
An overbought-oversold index is constructed by 
taking a ten-day moving average of advance-dedine ratios. 
All of these advance-dedine statistics are an attempt to 
supplement the lack of breadth in the Dow Jones Averages, to 
develop some measure of disparity between the averages and 
the general market, or to confirm or deny the validity of 
other market aggregates such as Standard and Poor's 425 
Industrials.
Advances and declines
Standard and Poor's 425 Industrials was correlated
to advance-dedine line values on a daily and weekly basis.
Coefficients of correlation were computed for time lags
from -15 to +15 time periods; and for both sets of data, the
highest coefficient was obtained for a lag time of zero (at
coincidence). The study also determined that correlation
coefficients of changes in the averages and the line appear
to behave as a random variable as lag or lead time is varied.
Additionally, peaks and troughs of the line were maximally
2correlated with the average at coincidence.
^Gordon, Indicators, p. 57»
2Alan J. Zakon and James 0. Pennypacker, "An Analysis 
of the Advance-De dine Line as a Stock Market Indicator," 
Journal of Financial and Quantitative Analvsis. Ill, (Sep- 
tember, 1968), 299-314.
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Psychological Indicators
"I find more and more that it is well to 
be on the side of the minority, since it .
is always the more intelligent. ...Goethe"
Contrary opinion
Inyestor behavior is the subject measured by the
so-called psychological indicators. Although these indicators
are often construed as technical indicators, they are mostly
the result of "contrary opinion" theory which assumes that
"all information is imperfect and all human judgement is 
2fallible." Although some of the indicators in this group 
seem to imply that the general public is almost always wrong, 
the basic theory is not quite so oversimplified. Instead, 
the theory recognizes that intelligent decision-making by 
individuals deteriorates when the individuals become a crowd. 
Therefore, the "contrarian" is reluctant to indulge in the 
speculative sprees of bull markets or the "panic" selling of 
bear markets. He attempts to develop a skeptical attitude 
toward popular sentiments. His favorite indicators tend to 
erase some of these distinctions, however, and oversimplify 
his position.
^Quoted in Gordon, Indicators, p. 61.
2Bradbury K. Thurlow, "Contrary Opinion Theory; The 
Psychological Approach," Wall Street, p. I79.
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Odd-lot statistics
Odd-lot transactions (those involving less than one 
hundred shares) are considered to be the domain of the small 
investor, and therefore represent the opinions of the general 
public. Contrary to widely-held beliefs, historical data 
reveals that the odd-lot investor is usually right. His 
tendency is to be wrong only on reversals of trend.^ However, 
because of this characteristic of missing trend reversals, it 
is difficult to imagine any meaningful use of odd-lot statis­
tics except as a lagging indicator of trend change. Addition­
al discredit of odd-lot statistics arises from the decreasing 
odd-lot participation in the market. In recent years, odd- 
lot participation has accounted for a decreasing percentage 
of the activity on the New York Stock Exchange. The percent­
age odd-lot volume of total volume set an historic low for 
the Exchange of 10.46 in 19&7, yet it dropped again in I968 
to 9 «12. The percentage value of odd-lot to total trans­
actions is decreasing at an even faster pace, from 12.36 in 
1967 to 10.69 in 1968. Rising affluence in our society may 
mean that many so-called small investors are now showing up 
in round-lot statistics. Mutual funds, or other investment 
media, are undoubtedly absorbing some of the former odd-lot
^Cohen and Zinbarg, Investment Analysis, p. 512.
2New York Stock Exchange, Fact Book-1968, p. 5» and
supra, 1969, p. 5*
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population. These structural changes must be analyzed 
before any validity can be claimed for odd-lot statistics 
today.
Short sales indexes and ratios
A short sale is defined as "any sale which is con­
summated by delivery of a security borrowed for...the 
seller."^ The selling antedates the buying. The "short 
interest," the number of shares sold short and not yet repur­
chased, is related to total transactions on the New York 
Stock Exchange by dividing the total short interest in all 
shares on the Exchange by the average daily volume for the 
month. The resulting figure is called the Short Interest 
Ratio, and it represents the number of average-volume trading 
days which would be required for all short sales to be liq­
uidated (covered). Theoretically, a high Ratio accompanies
2market bottoms, and a low Ratio indicates peaks. Measure­
ment of support, or potential demand, is attributed to this 
indicator because each short position always requires a 
future purchase.
Short Interest Ratio
Late in 1967, the "bullish" level of a short interest 
in excess of eighteen million shares was stressed by many
^Krow, Stock Market Behavior, p. 126.
2Cohen and Zinbarg, Investment Analvsis. p. 509»
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advisory services. Yet a close examination of the current 
short positions maintained in all NYSE stocks at that time 
indicated some 75^ of these positions were affected in one 
way or another by arbitrage transactions. "In 1940, only 
140 mergers or acquisitions were reported by the NYSE 1 by 
1967, the number had grown to more than 2800."̂  Such an 
environment can greatly reduce the meaningfulness of the 
Short Interest Ratio.
Suggestions have recently been made to substitute 
the short positions and the volume statistics for the thirty 
Dow Jones Industrials into the computations of the Short 
Interest instead of using total Exchange figures, but oppo­
nents argue that such a substitution will weaken the "breadth" 
2of the Index.
Short interest results
Thomas H. Mayor, of the University of Maryland, 
applied regression techniques to the short interest level 
and an aggregate measure of stock prices (Standard and Poor's 
500 stock index), and also compared the performance of short 
traders with a chance model. He concluded that the short 
interest level is not a predictor of future price, and that
^Gordon, Indicators, pp. IO6-IO7.
^Ibid.. p. 107.
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short traders do not outperform a chance model.  ̂ The latter 
conclusion is beset with difficulties, however, since no 
methods were employed to correct for seasonality (tax moti­
vations) or specialists* activities (arbitrage).
Random Walk Theorv
Serial independence
IVIarket imperfection is implied by both technical and 
fundamental analysis. Both of the methods also imply opti­
mism about discovering and profiting from these imperfections. 
Use of the indicators gauging investor sentiment likewise 
imply imperfect action in the stock market. Random walk 
theorists envision a perfect or near-perfect market, however, 
and reason that recognition of imperfections would lead to 
actions which would tend to eliminate these imperfections 
as prices adjust to the concensus of expectations. Dow 
Theory says much the same thing: "The fluctuations of the
...averages afford a composite index of all the hopes, disap­
pointments, and knowledge of everyone who knows anything of
financial matters, and for that reason, the effects of coming
2events are always properly anticipated in their movement."
Thomas H. Mayor, "Short Trading Activities and the 
Price of Equities: Some Simulation and Regression Results,"
Journal of Financial and Quantitative Analvsis. Ill, (Sep- 
tember, I968), 283-298.
2Greiner and Whitcomb, Dow Theorv. p. 50.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
r
36
But the random walk theorist reaches a different conclusion
than the technician* "In a perfect market, no opportunity
for profit based upon past price movements or any other past
data should exist; stocks are always at their proper price
except for purely random fluctuations."^ Price series tend
2to exhibit little serial correlation, and differences in 
price appear as results of a chance model.^
Although most of the work on the random walk theory 
is of recent origin, research has already produced a large 
amount of empirical evidence which will be outlined below. 
Before examining this research, some further explanation of 
the random walk theory is necessary.
This theory's beginnings can be traced to mathemat­
ical studies of price movements. Except for Bachelier*s not­
able work at the turn of the century, little serious work was 
done until Professor Holbrook Working (Stanford University) 
demonstrated in 1934 that a random walk series will look very 
much like a stock price series.^ Professor Working, Arthur
^Stephen H. Archer, ed«, "Introduction," Journal of 
Financial and Quantitative Analvsis. Ill, No. 3» (1968), 231.
G. Kendall, "The Analysis of Economic Time-Series- 
Part 1» Prices," Random Character of Prices, p. 83* and 
Richard A. Brealey, An Introduction to Risk and Return from 
Common Stocks, pp. II-I6.
%arry V. Roberts, "Stock Market "Patterns" and Finan­
cial Analysis: Methodological Suggestions," Random Character
of Prices, p. 8.
^Cootner, ed.. Random Character of Prices, p. 3*
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Okun (Yale University), and Mr. Alfred Cowles have also
shovm that a positive serial correlation will be introduced
when averages of periodic elements are employed even though
the original series is random.^
Initially, research was confined to commodity
markets. Price series obtained at fairly close intervals
behaved like wandering series. The random changes from one
term to the next were so large that any systematic tendency 
2was swamped. Later research centered on the stock market 
itself, most notably the New York Stock Exchange. Researchers 
tested chance models which employed normally-distributed 
changes in price and produced price series whose graphs con­
tained the "patterns" significant to technical analysis.^
Most investigators of the random walk theory agree that the 
evidence implies normally-distributed changes of the natural 
logarithms of price. This assumption agrees with many inde­
pendent observations that price changes are proportional to
iiprice levels, and it has been referred to as "geometric
Holbrook Working, "Note on the Correlation of First 
Differences of Averages in a Random Chain," p. 129; and 
Alfred Cowles, "A Revision of Previous Conclusions Regarding 
Stock Price Behavior," p. 132, Random Character of Prices.
^Kendall, "Analysis of Time-Series," p. 85.
^Roberts, "Stock-Market "Patterns" and Financial 
Analysis," p. 13.
^Arnold B. Moore, "Some Characteristics of Changes 
in Common Stock Prices," Random Character of Prices, p. l4l.
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Brownian motion.*'^ Mathematically, the relationship may be
expressed as follows:
Prices denoted sequentially with respect 
to time as P^, -̂t+l * * ’ *^t+k related
such that,
%t+l =
or
MO^(Z^) = LOG^CP^^j) - WO^(P^)
Where
[i=t,t+l,...t+k]
is log-normally distributed.
Differences of logarithms of price are therefore normally-
distributed, with a consequent expectation that "values for
price itself...increases, with increasing time interval, at
a rate of three to five percent a year, with increasing flue-
2tuation, or dispersion."
Causes of price movements
Critical appraisals of random walk theory usually 
end with the reflection that randomness flies in the face of 
reason. The word random is an unfortunate choice in this 
respect, and increases misinterpretation of what the theory 
is really saying. Random means haphazard, without definite 
method or specific pattern. But the theory only implies
^Andrew H. Y. Chen, "A Model of Warrant Pricing in a 
Dynamic Market," Journal of Finance. XXV, No. 5 (1970), 1045,
2Cootner, ed.. Random Character of Prices, p. 100.
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randomness with respect to previous prices. It does not 
imply that price movements are unrelated to anything. The 
underlying rationale is that prices are future-oriented, 
discounting known events, and that they tend to adjust to 
new information as it becomes disseminated. So dependency 
on exogenous factors is not denied by the theory, although 
no attempt is made to define these factors or their relation­
ship to prices. Finally, the theory states that, whatever 
the relationships are, their effects are statistically equi­
valent to a random model with properly chosen parameters.
Distribution of prices
Several different distributions of prices or price 
changes would be consistent with random walk theory. Several 
researchers have disagreed with any position advocating 
Gaussian assumptions about the distribution. Very signifi­
cant work was done in this area by Benoit Mandelbrot. He 
applied Paretian distributions to cotton prices and other 
speculative markets with very good results.^ Later investi­
gation utilizing listed daily common stock prices has tended
2to confirm Mandelbrot's hypothesis.
^Benoit Mandelbrot, "The Variation of Certain Specu­
lative Prices," Random Character of Prices, p. 328.
^ugene F. Fama, "Mandelbrot and the Stable Paretian 
Hypothesis," Random Character of Prices, pp. 305-306? and 
"The Behavior of Stock-Market Prices," Journal of Business. 
XXXVIII, (January, 1965), ^9-51.
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More important, however, are the environments in 
which the random walk theory would be validi
(1) Information available to market par­
ticipants is random in its effects on 
market price;!
(2) Effects of news are not random, but 
all participants are immediately ap­
prised of all new information and 
any statistical dependencies inher­
ent in the information; or
(3) Participants operate at different 
levels of information, and just 
enough well-informed traders are 
enticed by profit to eliminate any 
systematic tendencies in price 
changes, 2
The third environment has become known as the "modified" 
random walk hypothesis, and is probably the most widely- 
held viewpoint because of its similarities to the real 
world. Very recent research about frictions and lags in 
the information-generating process has raised questions 
about the basic random walk concepts of independence and 
market perfection.
^This theory was first introduced by Professor Paul 
A. Samuelson in the Industrial Management Review. Spring, 
1965» 41-50.
2Seymour Smidt, "A New Look at the Random Walk Hypo­
thesis," Journal of Financial and Quantitative Analvsis. Ill, 
(September, 1968), 236.
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Areas of Compromise
Unexplained relationships
In i960, Alfred Cowles found some evidence of price 
trends in common stock price indexes, but he concluded that 
these trends seemed fragmentary and not well-linked to the 
flow of new information.^ Eugene Fama, a significant contri­
butor to the random walk field, has noted the weakness inher­
ent in statistical tests of dependence— serial correlation 
only checks for dependencies present throughout the data—  
and he has uncovered some empirical dependencies on raagni- 
tude of adjacent stock price changes in a series. A I966 
study also indicated that volume and price are dependent, 
and, furthermore, the conditional probability of a daily 
rise (fall) in price is greater given a rise (fall) in price 
on the previous day.^
A very recent attempt to predict the six-month per­
formance of a stock based on earnings-price and earnings- 
change ratios has proved somewhat successful, although the 
model is not as good at identifying low performers as it is 
high performers.^ Several new methods have also been
^Cowles, "A Revision,” p. I39.
2Fama, "Stock-Market Prices," p. 86.
^Charles C. Ying, "Stock Market Prices and Volume of 
Sales,” Econometrica. XXXIV, (July, I966), 676-685.
^Henry A. Latane, 0. Maurice Joy, and Charles P. 
Jones, "Quarterly Data, Sort-Rank Routines, and Security Evaluation," Journal of Business. XLIII, (October 1970), 427-438.
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developed in the field of technical and fundamental analysis 
which have not yet been rigorously evaluated. Some of these 
are laudable efforts by people cognizant of the older fal­
lacies and pitfalls surrounding market analysis, and their 
work has been directed toward the discovery of causal and 
symptomatic relationships.
One such method is the "dual-market” principle of 
Kenneth B. Smilen and Kenneth Saffian which they developed 
in the early 1960's. The market, according to their prin­
ciple, is a collection of sub-markets, each a grouping of 
issues based upon factors which influence earnings. Their 
basic premise is that issues within a particular group are 
in competition for the same capital as other issues in the 
group.^ A study of the 1952-1900 period by Richard Brealey 
of Keystone Funds, Inc., has identified common influences in 
price changes which seem to lend support to Smilen and 
Saffian. He identified influences attributable to the market, 
the industry, the sub-group, and the individual firm. The 
identifiable sub-group influence was by far the largest
factor affecting price change. These sub-groups were struc-
2tured upon earnings factors.
"Growth Stocks Versus Cyclicals," Barron's. (July 25, 1966), p. 9 ; "Farewell to Glamor?" Barron's. (Januarv 29, 
1968), pp. 3-8; and "Looking Back," Fortune. May, I967, p. 224*
2Brealey, Risk and Return in Common Stocks, p. 59.
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Even within the framework of the random walk assump­
tion, meaningful relationships may exist: "...distributions
of stock returns which appear to conform to the laws of 
random motion can hide a significant amount of internal 
structure."^
Modified random walk: "reflecting barriers"
Several researchers have commented on the evidence 
of some dependencies in price series, but they have generally 
tended to minimize these inconsistencies and stress instead 
the randomness of price changes. Paul H. Cootner, Professor 
of Finance at the Sloan School of Management, has advanced a 
theory which recognizes these inconsistencies and undertakes 
an explanation for their existence.
Cootner visualizes a market which is imperfect due to 
the varying degree of knowledgeability of its participant.
At one end of this "knowledgeability" spectrum are the bulk 
of the participants who accept prices as rough approximates 
of true value and make their choices mainly on the basis of 
risk. When they attempt to predict the future, they are as 
often wrong as right. At the other end of the spectrum are 
the market specialists who have some idea of future events.
Edward F. and Vernon D. Renshaw, "Simulating the Dow 
Jones Industrial Average: A Further Test of the Random Walk
Hypothesis," Financial Analvsts Journal. XXVI, (September- 
October, 19?o), 51-60.
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but whose profits cannot be realized until prices deviate 
enough to yield an adequate return.
These more knowledgeable traders will buy or sell 
when deviations occur which are sufficient to guarantee their 
profits. Their actions set up the "reflecting barriers." 
Between these barriers, the actions of the less knowledgeable 
group force prices to prescribe a random walk pattern. The 
spread between the barriers will be limited by competition 
among the professionals, and movements of these barriers will 
also occur over time as professionals adjust their expec­
tations in the face of new information.
An interesting corallary of Cootner*s hypothesis is 
that stock prices over a substantial period of time will "be 
composed of a random number of trends, each of which is a 
random walk with reflecting barriers."^ Any statistical 
analysis of series such as these would have to grapple with 
the implicit non-stationarity of the sequences.
Theoretical confluences
If stock prices are statistically equivalent to a 
series of random trends, then the possibility exists that 
some sufficiently powerful analytical method could be 
employed to identify the onset of a new trend and to make
^Paul H. Cootner, "Stock Prices* Random Versus 
Systematic Changes," Random Character of Prices, pp. 23I-252.
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some estimate of its ultimate expectation. Such an over­
simplification may not exist, and even if it does, inherent 
difficulties could render analysis impossible. Oversimplifi­
cation may be a blatantly inept term to describe a non-sta- 
tionary process, but it is used here because any definitive 
model such as Cootner*s would bring some clarity to the 
present morass of theories.
Cootner's theory has undergone some testing, and the
results are supportive. This reference may have a subtle 
2bias, however.
The model also raises some significant questions 
about conventional market and security analysis. According 
to Cootner, the "model is perfectly compatible with much of 
what I interpret Wall Street chart reading to be all about. 
"Like the Indian folk doctors who discovered tranquilizers, 
the Wall Street witch doctors, without the benefit of scien­
tific method, have produced something with their magic, even
kif they can’t tell you what it is or how it works."
Although Cootner never mentions fundamental analysis directly.
^William Steiger, "A Test of Nonrandomness in Stock 
Price Changes," Random Character of Prices, pp. 253-26I.
2Ibid., p. 253* this paper was based on Steiger's 
Master's thesis submitted to the School of Industrial Manage­
ment. The thesis advisor was Professor Cootner.
^Cootner, "Random Versus Systematic Changes," p. 237. 
^Ibid.
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his model implies that prices would have trends influenced 
by some expectation of value, and the expectations of pro­
fessionals would produce boundaries. Thus three disparate 
viewpoints may evidence some relationships to one another.
Only one thing is certain. Gross defects have been 
discovered in the older traditional views of the stock market, 
and recent research on the random walk theory has evidenced 
phenomena unexplainable by many rational assumptions lying 
within the context of the theory.
Other assumptions consistent with random walks might 
be made. The subject of the next chapter concerns some of 
the relationships which were chosen for the SIKISTOCK model, 
and the price philosophy which these relationships encompass.
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CHAPTER III 
THE RATIONALE OF SIMSTOOK
An attempt to develop a pricing theory for the model 
is undertaken in the first part of this chapter. Previously 
cited work has stressed the random characteristics in stock 
price data while minimizing observed deviations from the 
theory.^ Most researchers have accepted log-normally distri­
buted ratios of successive prices as the most appropriate
2distribution to describe price series — despite some notable 
exceptions^— because of two inherent advantages this distri­
bution offers. First, it is non-negativej and second, changes
in prices would be proportional to price levels, a feature
kthat is characteristic of stock prices. A price mechanisr 
with characteristics similar to log-normality will be
^Cootner, "Introduction to Part III* The Random 
Walk Hypothesis Reexamined," Random Character of Prices, 
p. 189.
^W. H. Hausman and W. L. White, "Theory of Option 
Strategy Under Risk Aversion," Journal of Financial and 
Quantitative Analvsis. Ill, No. 3 (1968), 3^3~358.
^Benoit Mandelbrot, "Variation of Certain Speculative 
Prices,"; and Eugene Fama, "Mandelbrot and the Stable Pare­
tian Hypothesis."
h,Sidney S. Alexander, "Price Movements in Speculative 
Markets," p. 207.
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presented which possibly circumvents the Mandelbrot objection 
to Gaussian distributions.
An outline of the functional relationships in the 
model is presented in the second part of this chapter. No 
two analysts will necessarily agree with these choices, but 
neither would the same two analysts necessarily agree with 
each other's specific vision of the marketplace. The rea­
soning behind the selections made is purely that of the 
researcher, and is a composite reflecting his own perusal 
of the literature and his opinions concerning it. A more 
detailed explanation of the model's parameters will be pre­
sented in Chapter IV. The section in this chapter is in­
tended only as a brief outline of the basic relationships.
The indicators and features discussed in Chapter II 
which are necessary to the model are dealt with in the third 
part of this chapter.
Price Philosophy
"Most economic processes are blatantly non- 
stationary. In certain cases, however, this 
non-stationarity does not appear to take on 
an extreme form; rather it is of a slowly 
altering nature. In fact, for restricted 
time periods, one can apparently assume 
stationarity and then, as the time period 
shifts, imagine that the parameters of . 
the process evolve in a regular manner.”
...Michio Hatanka
iMichio Hatanka, "An Harmonic Analysis of Nonstation- 
ary Multivariate Economic Processes,” Econometrica, XXXVII, 
No. 1 (1969), 133.
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Random walks
The researcher has chosen the random walk theory as 
the most realistic approach to a price philosophy. The heavy 
weight of evidence rationalizes such a choice. The modified 
random walk with "reflecting harriers” advanced by the Cootner 
model in Chapter II assumes non-stationarity. A non-station- 
ary process raises serious analytical difficulties, but it 
presents a logical approach to a stock pricing mechanism.
If a random generator were employed to produce stock prices, 
the expected value of a future price would be merely a func­
tion of the mean of the distribution. A capital gain (loss) 
would be expected for a positive (negative) mean value. How­
ever, stock price expectations tend to change over extended 
periods of time, and it would seem to be a very difficult 
task indeed to expect that some distribution with constant 
parameters could be found to explain a price series over 
several time periods.
Random walk theory has dealt extensively over the 
past several years with the log-normal distribution. The 
distribution was investigated during this project, but was 
rejected for several reasons which will be mentioned below.
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Log-normal distribution
For simulation purposes, the output of a random 
generator, RAND(-1.), which produces random normal deviates, 
X^, can be transposed to a normal distribution, N(U,SD), by 
the following*
X. = RAND(-1.) * SD + U; where U is the mean and SD the
standard deviation.
An additional transformation can be made to yield log-normally 
distributed values for X^*
Y _ „(RAND(-1.) * SD + U)^i ■ e
The parameters of the resulting log-normal distribution, Ü' 
and SD*, are then functions of the parameters U and SD of the 
underlying normal generator*
. ̂(n 4. W ) ,
and SD- = + ZSrf), , (2 0  - SD^),!
A computational problem is encountered in choosing appropriate 
values for U and SD to yield the desired parameters U* and SD* 
of the log-normal distribution. This problem becomes even 
more acute if non-stationarity is introduced. To effect a 
change in the log-normal mean only, values must be chosen so 
that U* changes by the desired amount while SD* remains 
constant. Little mention has been made of non-stationarity
^Claude McMillan and Richard F. Gonzalez, Systems
Analvsis. p. 260.
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except by Fama. His conclusions rejected non-stationary 
parameters of the log-normal distribution as a possible 
explanation of the excessive dispersion stock prices exhibit 
over that amount expected if the distribution was followed.^ 
In addition to the inadequacies of a log-normal model 
found by Fama and the computational problems in using the log­
normal distribution, a purely deductive objection arises. 
Investor expectations are expressed by price levels. In­
vestors express their expectations by making buy and sell 
decisions. Their actions are made known through changes in 
price, however, and these actions are also formulated through 
comparisons of price levels, or differences in prices. It 
would seem logical, therefore, to base a price model on 
changes in price rather than absolute levels of prices.
The SIMSTOCK price mechanism for stocks
SIMSTOCK employs a price mechanism which is based
upon a normal generator which yields normally-distributed
percentage changes in price. In other words, the mean and
standard deviation are cast as percentages of the current
price. For a mean of U and a standard deviation of SD, the
price in period t, P^, would be given by*
?t = Pt-1 + Where = R * SD * + U *
and R is a random normal deviate of 
mean^O.O and standard deviation=l.
^Fama, "Mandelbrot and the Stable Paretian Hypothesis,"
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So = Pt-1 + R * SD * Pt_i + U * Pt_l'
or = P^_i * (1. + R * SD + U).
Both Individual common stocks and market aggregates 
(Dow Jones Industrials and Standard and Poor's 500) are 
priced by this method. The difference between the process 
for the individual stocks and the process for the aggregates 
is in the selection of the parameters. Individual issues 
have non-stationary means and constant standard deviations, 
while the aggregates are non-stationary in both parameters. 
The logic of this choice is amplified below.
Investor expectation for a given issue will change 
over time. One would expect to see this change reflected in 
the mean price change. This change will be an aggregate of 
several factors which affect the fortunes of the issuing 
company, however. If the market is generally rising, this 
trend will have its effect on investor's attitudes toward a 
given stock. Likewise, high long-term interest rates will 
have adverse effects on the stock of a company that exten­
sively employs long-term financing. The mean of the price
distribution may thus be thought of as a composite, or sum, 
of various factors relating to stock price.^ Other researc] 
has used partial correlation techniques to isolate effects
A. James Boness and Frank C. Jen, "A Model of Infor­
mation Diffusion, Stock Market Behavior, and Equilibrium 
Price," Journal of Financial and Quantitative Analvsis. V,No. 3» (1970), 287.
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on price by factors both endogenous and exogenous to the
stock market. The same research has also indicated that
degree of risk is a persistent characteristic over time for 
1a given issue.
The mean price change for individual issues is deter­
mined periodically by a pre-determined relationship each 
issue has to certain factors influencing price such as indus­
trial production, inflation, cost of capital, general market 
movements, and the earnings of the issuing company. Since 
the mean is viewed as expectation, it is treated as a parti- 
tionable variable, equal to the arithmetic sum of the events 
which influence stock price. The model treats standard 
deviation as a measure of risk. Since a given level of risk 
tends to persist over time, the standard deviation is con­
stant .
The mean change in value of the market aggregates is 
functionally related to expectations as expressed by a 
cyclical trend factor effecting the index of leading baro­
metric indicators, and to a measure of Federal Reserve Board 
policy. The standard deviation also changes with the mean 
because aggregate market risk is not a constant factor.
These pricing mechanisms will be more fully explained 
in Chapter IV. However, one point should be clarified at this
Brealey, Risk and Return, p. 59» and George E. 
Pinches and William R. Kinney, Jr., "The Measurement of the 
Volatility of Common Stock Prices," Journal of Finance, XXVI, 
No. 1 (1971), 125.
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time. Since the distribution parameters are really per­
centages of the current price, they are actually continu­
ously non-stationary. For purposes of reference, the term 
"constant” has been used. It should be remembered that 
"constant,” in this sense, does not imply constant arith­
metic value, but rather a constant percentage value.
Functional Relationships
Econometric motivation
The primary motivating forces of the SIMSTOCK market 
are the econometric parameters generated by the model. Values 
are determined for a diffusion index of leading barometric 
indicators, the Federal Reserve Board Index of Industrial 
Production, the Consumer Price Index, a prime rate of interest, 
the rate on four to six-month prime commercial paper, and the 
composite yield on Moody*s Aa Corporate bonds.
Figure 1 presents the functional relationships between 
these parameters. The barometric index is a stochastic var­
iable containing an induced trend. The FRB Index is directly 
related to the previous quarter's values of the barometric 
index. Consumer prices are related to divergences in the 
prime rate from an arbitrary stable rate, and to a random 
element. Changes in the prime rate only occur when an 
imbalance condition is detected in the simulated economy.
A change factor is generated whenever an imbalance is dis­
covered. The subsequent prime rate change is determined
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Parameter Function of
1. Index of leading 
barometric indi­
cators (BAR)
A. Moving average of last
four values
B. Random element
C. Cyclical trend element
2. Federal Reserve Board 
Index of Industrial 
Production (FRB)
A. Barometric index, latest
quarter and latest month
B. Random element
C. Prime rate divergence
from "stability"
3. Consumer Price Index
(CPI)
A. Random element
B. Prime rate divergence
from "stability"
4 . Prime Rate (RATE) A.
B.
C.
Value of change factor 
(or "correction" 
variable)
Random element 
Difference between growth 
rates of FRB and CPI
5 » Prime Commercial Paper A.Rate (COMCL) B.
Prime rate
Federal Reserve Board 
policy factor
6 . Moody's Aa Bonds A. Prime rate
B. Rate on prime commercial
paper
C. Random element
Fig. 1.— Econometric Relationships.
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by a discrete probability distribution dependent upon the 
sign and magnitude of the change factor. The rate on prime 
commercial paper is viewed as a short-term interest rate 
measurement related to changes in the prime rate and an 
index measuring Federal Reserve Board policy, while the 
yield on Moody*s Aa Corporates is a long-term interest rate 
indicator related to a random element, the prime rate, the 
commercial paper rate, and the cyclical trend element of the 
barometric indicators.
Responses of the market environment
The SIMSTOCK market environment includes aggregate 
measures which are related to the above econometric para­
meters. Figure 2 illustrates the functional relationships 
involved.
Two of the common stock averages— the Dow Jones 
Industrials and Standard and Poor’s Five Hundred Average—  
are randomly-generated variables whose parameters are non- 
stationary functions of the cyclical trend element of the 
barometric index and changes in the prime rate. The Dow 
Jones Transportation Average, the third stock index, is 
merely a function of the Dow Industrials and a random element. 
The frequency of parameter changes is influenced by changes 
in the prime rate and changes in the sign of the barometric 
index trend factor.
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Parameter Function of
1 . Mean Price Change, 
Common Stock Aver­
ages (excluding 
Transportation Index)
A.
B.
Current change in prime 
rate
Cyclical trend factor, 
leading barometric index
2, Standard Deviation, 
Common Stock Aver­
ages (excluding 
Transportation)
A. Mean price change
parameter
B. Length of current trend
in months
3. Issues Listed, NYSE A. Monthly growth factorB. Random element
4 . Volume, NYSE A. "Normal" daily volumefactor
B. Issues listed, NYSE
C. Corresponding percentage
change. Standard and 
Poor's Stock Average
5 . Advance-Decline Ratio A.
B.
C.
Sign of corresponding 
Standard and Poor's 
Stock Average change 
Random elements 
Issues traded, NYSE
6 . Issues Traded, NYSE A.B.
C.
Issues listed, NYSE 
Sign and magnitude of 
Standard and Poor's 
Stock Average 
Random element
7. Bond Yields A. Moody's Aa CorporatesB. Current prime rate change
C. Random element
8 . Bill Yields A. Prime commercial paperrate
B. Random element
Pig. 2 .— B/Iarket Relationships.
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The number of issues listed on the New York Stock 
Exchange is computed and reported monthly, and is an arith­
metic progression increasing at an historic rate. New York 
Stock Exchange volume is related directly to the number of 
issues listed, multiplied by a "normal" daily volume factor, 
and influenced by the latest corresponding percentage change 
of the Standard and Poor's Index. Advance-dedine-unchanged- 
statistics are randomly-generated percentages of the number 
of issues traded which, in turn, is a random function of the 
number of issues listed. The sign of advances minus declines 
is the same as the sign of the corresponding change in Stan­
dard and Poor's Average.
Other aggregate measures of the market include the 
current yields on the Dow Jones Forty Bonds, Barron's Ten 
Hi-Grade Bonds, five-year Treasury bonds, and six-month 
Treasury bills. The first two of these measures are related 
to Moody's Aa Corporates, and will normally straddle this 
value. Treasury bonds are also directly related to corporate 
bond yields, but will always carry a lower yield. Treasury 
bills are treated as short-term debt instruments, and there­
fore yields on these bills are functionally related to short­
term rates as expressed by the rate on prime commercial 
paper.
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SIMSTOCK Features and Indicators
Variable time periods and options
The model includes an option concerning the amount 
of time to be simulated in a particular cycle. Simulation 
time periods are variable to allow the flexibility of increas­
ing the number of investor decisions during the periods of 
rapid change. When relative stability prevails, the partici­
pants can then switch to fewer decisions by lengthening the 
simulation period per cycle.
A basic purpose of this model is to provide an 
educational experience. The model will therefore contain 
as many options as possible consistent with the actual market. 
Both short and long positions will be allowed, as well as 
margin account privileges. Bonds and government securities 
will be offered as alternative investments, as well as 
warrants and option contracts (puts and calls). In addition, 
brokerage fees will parallel actual rates.
Decision-making information
An attempt has been made to provide the participants 
with enough information to enable them to formulate rational 
investment decisions. Although the random walk theory has 
been incorporated into the model, features relevant to both 
technical and fundamental analysis have been included to 
facilitate the use of these tools.
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Technical analysis is probably the farthest depar­
ture from the SIMSTOCK model that could be employed for 
analytical purposes. Nevertheless, the model includes 
features which permit the use of this method. The Dow Jones 
Industrial Average, the Dow Jones Transportation Index, daily 
and monthly New York Stock Exchange volume statistics, and 
Barron's Confidence Index (computed from the Dow Jones Forty 
Bonds and Barron's Ten Hi-Grade Bonds) were included in the 
stock market reports generated by the model. Technicians 
will also find advance-dedine statistics rendered on a daily 
basis. However, none of these features influence stock prices 
generated by the model.
Fundamental analysis is more closely related to the 
model due to the fact that price parameters are functionally 
related to econometric factors of earnings, interest rate 
levels, real production, and leading barometric indicators.
The model provides a monthly report on the current values of 
the Consumer Price Index, the Federal Reserve Board Index of 
Industrial Production, a diffusion index of leading baro­
metric indicators, and the rate on prime commercial paper.
For each common stock, the model includes information con­
cerning current earnings and dividends. Gross National 
Product is computed quarterly, and is reported in current 
dollars. Changes in the prime rate or rediscount rate are 
reported in the week of occurrence.
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The economy and market environment sections of the 
model have been constructed and tested (Pass Two). In the 
next chapter, the structure and operation of these sections 
are explained in detail, and a brief presentation is also 
afforded other sections of the model (Pass One and Pass 
Three).
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CHAPTER IV
STRUCTURE AND OPERATION OF THE SIMSTOCK 
ECONOMY AND MARKET ENVIRONMENT
The SIMSTOCK model is presented in this chapter. The 
proposed structure is outlined first with accompanying 
system flowcharts illustrating subprogram relationships. An 
operating sequence envisioned for the full model is presented 
in the same section. The rest of the chapter is devoted to 
a more specific explanation of the portion of the model which 
is currently operational (Pass Two).
The FORTRAN source deck for this operational portion 
is listed in Appendix I. Appendix II contains a glossary of 
the variable names shown in the Pass Two source deck and the 
flow charts below. The random generator chosen for the model 
is evaluated in Appendix III, and the results of one simulated 
five-year test period are presented in Appendix IV.
Structure
Operation of the model
Structural recommendations outlined in this section 
are based on the requirements dictated by an IBM 1620 Model I 
system. Three programs— hereafter referenced as Pass One,
62
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Pass Two, and Pass Three— will compromise the full model. 
Other computer systems may be capable of accomodating the 
whole model in a single program, or may at least be able 
to process the whole model in one pass by referencing sub­
routines stored on tape or disc devices.
Some division into parts was necessitated by the 
limited capacity of the computer available. Pass One is the 
broker operation, and provides processing routines for order 
execution and trading account supervision. Pass Two deter­
mines all of the factors relevant to price computation and 
determines the value of stock market aggregates. Pass Three 
determines the prices of individual securities based upon 
data provided by Pass Two, and provides reports to players 
on the economy, the market, and their individual portfolios.
A full cycle, one time period, is accomplished by 
running all three passes in numerical order. The simulation 
period may be varied from one to twelve weeks per cycle. One 
week is the basic simulation period. The simulation "calen­
dar" consists of five days per week, four weeks per month, 
and twelve months per year. Two hundred and forty trading 
days are simulated in an annual period, a figure very close 
to reality despite the artificial method by which it is pro­
duced.^ As few as four or as many as forty-eight player
1Maurice L. Farrell, ed.. The Dow Jones Investor's 
Handbook-1971, pp. 36-41.
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decisions are possible each annual period by varying the 
number of weeks in a cycle. Player decisions are made at 
the end of a cycle.
The reader will note a considerable amount of card 
input/output in some of the flowcharts in this chapter.
Again, different computer systems will dictate varying con­
straints. The most expeditious method for handling data on 
the 1620 system was to reproduce the data deck on each pass. 
Then after each program of the model is executed, the punched 
card output from that run can be placed behind the next pass 
as the data deck. The output from Pass Three will likewise 
be the data deck for Pass One the following cycle.
Pass One
An abbreviated flowchart of the program structure 
envisioned for this pass is presented in Figures ]a and 3b. 
Sections of the program are referenced below by the letter 
labels shown in parentheses on the flowchart.
(A) The value of LOOP is always from one to twelve, 
and is the number of weeks to be simulated for the current 
cycle. An option exists to intervene during execution via 
sense switch one aind change this value.
(B) As the data cards containing the information 
about specific issues are read, the current price of each 
issue is extracted and placed in the array PRICES. These 
prices represent the last closing price computed (Friday
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Fig. 3a.--Pass One, Part One.
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Fig. 3b.— Pass One, Part Two.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
67
closing, last cycle). All players will buy and sell at these 
prices# Price per issue will also be constant despite the 
order size.
(C) As the arrays of econometric and market data 
are read, the current percentages for initial margin, main­
tenance margin, and Federal Reserve Board margin for govern­
ment securities will be extracted and stored in array XARGIN.
(D) The account cards for all players will be read 
and placed in on-line storage.
(E) Decision cards will be processed for one player 
at a time. The first card will contain the number of sell 
orders and buy orders. When these numbers are non-zero, the 
respective subroutine will be called to execute the number of 
orders. Sell orders are handled first so that proceeds from 
sales will be available for subsequent purchases made during 
the same cycle.
(F) Upon completing all order processing for a par­
ticular player, his account will be reviewed and updated. If 
the account is deficient, a margin call will be made which 
must be satisfied at the beginning of the next cycle. Margin 
calls will be generated when account balance falls below a 
percentage maintenance margin specified in the input data.
Figure 4 outlines Subroutine Sell. For each of the 
NSELL orders, a card is read which includes the issue identity, 
ID, the type of sell order, 10, and the number of units, NS 
(shares, warrants, bonds, etcetera). If the security is not
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Fig. 4.— Subroutine Sell,
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a stock, a check is made of the portfolio to ensure that the 
order can be fulfilled. The same check is made to liquidate 
a long position in a stock.' Statement ^5 is an error message 
which is generated if these conditions are not met. When the 
order is deemed executable. Subroutine CHARGE is called to 
determine brokerage fees. These fees are determined in accor­
dance with the rates specified by the New York Stock Exchange. 
The cash in the player's account is then augmented by the net 
proceeds from the sale. If the order code, 10, indicates that 
this order is not to liquidate a long position, then a short 
position is assumed if the player's account contains suffi­
cient collateral, and cash exists to meet brokerage fees. In 
addition to the flowcharted routines, another check will be 
made to determine if a margined position is being liquidated, 
and, if it is, the subroutine will retire the debt before 
posting the sale proceeds to the account.
Subroutine BUY is analogous to the above subroutine 
in structure, and it is also called to liquidate a short 
position. Subroutine CHARGE is again used to determine com­
missions. An additional feature of the buying sub-program 
will be a percentage figure on the data card showing the per­
centage amount of the purchase price not being paid at execu­
tion. This amount will represent margin, and the player will 
be charged simple interest at one percent per annum above the 
current prime rate until the debt is retired. If a percentage 
is not shown on the data card, zero margin (one hundred percent
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cash order) will be assumed. A buy order is not considered 
valid unless the account contains sufficient cash to meet 
the unmargined purchase price plus commission. An initial 
margin constraint will be contained in the input data, as 
well as a margin for Federal securities.
Subroutine CHARGE will compute commissions in accor­
dance with the "Formulas for Minimum Commissions" developed 
by Standard and Poor's Corporation.^ These formulas do 
include an odd-lot differential. When the total transaction 
price is under one hundred dollars, a flat commission rate 
of five percent of thè amount involved will be charged. Bond 
commissions will be a flat rate of ten dollars per bond. No 
other taxes or fees will be levied on transactions involving 
long positions.
Pass One is terminated upon the completion of pro­
cessing all orders.
Pass Two
This program represents the main simulation running 
for a period of one to twelve weeks as determined by the 
variable LOOP. For each week simulated, it determines daily 
market statistics for the following: Dow Jones Industrial
Average, Standard and Poor's Five Hundred Stock Composite,
^For an example (non-current, however), see Stock 
Guide. (New York: Standard and Poor's Corporation, 19?0),
p p .  255 - 257 .
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New York Stock Exchange daily volume, number of issues traded, 
number of issues advancing, number declining, and number un­
changed. It also computes a daily advance/decline statistic. 
Each month it calculates the latest econometric information, 
and it periodically changes the parameters of the distri­
butions of the stock aggregates. The program is a collection 
of thirteen subroutines and two functions whose relationships 
are outlined in Figure 5 * Two of these subprograms, ECONMY 
and ENVIRN, are merely supervisory subroutines which control 
execution routing through their respective subordinate sub­
routines. The first group comprises the econometric model, 
and the second group is the stock market model. A discussion 
of these subprograms appears in the latter part of this chap­
ter. Figure 6 illustrates the execution sequence of the main 
program.
Pass Three
The final program will read the starting date of the 
current cycle and then advance this date through LOOP weeks 
while processing the data provided by the previous program.
On each weekly pass, a weekly report on the market is given 
to each player. If the current week ends a month or quarter, 
the appropriate report on the economy will be rendered. Also 
during each of these weekly passes through the main program 
loop, a subroutine will be called to determine the daily 
closing prices for each individual issue in the model.
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Although all prices will toe carried as floating-point values, 
a sutoprogram will convert these prices to the nearest frac­
tional point in eighths.
Option contracts to toe offered during the next cycle 
will toe determined prior to the termination of Pass Three.
The option price is toased primarily on expectation as measured 
toy the parameters of the particular price distribution. Option 
contracts will toe written only for common stocks listed on the 
New York or American Exchange. During periods of rapid price 
fluctuation, option offers may toe sparse or even non-existent.
The SIMSTOCK Economy
Program Execution
Subroutine ECONMY, illustrated in Figure 7» controls 
the execution of the econometric portion of the SIMSTOCK 
model. Control is passed back to the main program immediately 
if the current week toeing processed is not the end of a month. 
The variable I is held in common storage, and represents the 
number of the week currently toeing processed. The array 
NRPT(I) carries the values of one, two, three, or four to 
indicate that week I marks the end of a normal week, a month, 
a quarter, or a year, respectively. This array is calculated 
in Subroutine UPDATE at the beginning of Pass Two execution.
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Subroutine PRIMRT
This subprogram determines changes in the prime rate 
and rediscount rate. It is referenced during normal routing 
only on an annual basis, but may be called by three other 
subroutines (dotted connecting lines on flowchart in Figure 7) 
as necessary to attempt corrections to the economy through 
Federal Reserve Board action. This action is called upon 
when industrial production, measured by the Federal Reserve 
Board Index of Industrial Production, falls below an annual 
growth rate of two percent or has a negative growth rate 
during the most recent quarterly period. The prime rate 
program is also called when the Consumer Price Index exceeds 
an annual growth rate of seven percent or a quarterly growth 
rate in excess of two percent, or when the rate on prime 
commercial paper is nine percent or greater. Changes in 
the prime rate are a function of the variable NT, and are 
related directly to the sign and magnitude of this variable. 
The annual review of the prime rate will result in change 
only if the annual growth rate of the Consumer Price Index 
exceeds that of the Index of Industrial Production by two 
percent or more.
The prime rate will not necessarily change every time 
the subprogram is called for a non-zero value of NT. A change 
is dependent upon the elapsed time since the last change and 
the magnitude of NT (see statement 23 of program listing).
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Subroutine GNPROD
Gross National Product is computed in current dollars. 
The model takes the grossly oversimplified approach that in­
flation is perfectly represented by the Consumer Price Index 
(CPI) and real growth is perfectly represented by the Index 
of Industrial Production (IIP). Therefore, since Gross 
National Product in current dollars is the result of pro­
duction and inflation, the increase in Gross National Product 
is then computed quarterly by adding the latest quarterly 
growth rates of these two factors and their cross-product, 
and applying the resulting percentage to last quarter's GNP«
ACPI, APRB. ACPI. aFRB.
AGNPt = ( Qpj + pRB + CPI * FRB ) * ,
Subroutine BARMTR
A diffusion index of leading barometric indicators is 
the motivating force in the model, and is produced by this 
subroutine. Values returned by this subprogram always are 
between zero and one. A value of one-half indicates neu­
trality: as many leading indicators are rising as are falling.
A uniformly-distributed random generator, RAND(O), is used to 
calculate the index. Motion is dampened by using a moving 
average containing five elements, the previous four values 
of the index and a number from the random generator. A bias
element, W(30), is also introduced into the computation to
provide trends (see statement number 10 of program listing).
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
r
78
The subroutine also controls the amount and duration of bias. 
A simplified flowchart is provided in Figure 8. W(3l) is a
counter which indicates the number of months the bias factor 
has maintained the current sign. Changes in the prime rate 
effect changes in the bias factor during the month of occur­
rence to a slight degree, and one month after occurrence by 
a much greater degree. The absolute value of the bias is 
raised slightly after the third month since a sign change, 
and is then gradually decreased each month by fifteen percent 
plus a random amount until either a change in sign occurs or 
twelve months have elapsed.
After the calculations concerning the bias are accom­
plished, a new value for the current diffusion index (W(20)) 
is determined. The random element added to this moving aver­
age is also smoothed by taking three uniformly-distributed 
numbers and dividing by three. The value must lie between 
zero and one. If this condition is satisfied, the array of 
diffusion index values is shifted one month, and the oldest 
value is dropped from the data file.
Subroutine FRBIND
The Index of Industrial Production is a function of 
the prime rate, the latest quarter's values for the leading 
barometric index, and a random elementi
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IIP. = IIP+ . * (1. + (difference in prime rate fromt t-1 6#)/l200
+ ((latest three values, barometric index+ latest value) - 2 . ) /3 0 0
+ (uniform random element/125)).
A "normal" prime rate of 6^ percent is envisioned for the 
model. The average monthly growth rate for the Federal 
Reserve Board Index between 1950 and 1970 was .403 percent 
per month. If the expected prime rate is in effect, and if 
the barometric indicators are neutral, then an average growth 
rate of .4 percent per month will result from the random 
element in the equation (.5/125*).
A change in prime rate will be requested (always a 
negative change) when growth becomes retarded. Unemployment 
is also calculated by this subroutine as a function of the 
latest change in the Industrial Index, but it is limited to 
values between 2j and 4i percent.
Subroutine CPINDX
From 1963 to 19^9» the Consumer Price Index has shown 
an average monthly growth rate of .258 percent. Since I966, 
this growth has been at an abnormally high rate of .351 per­
cent per month. The subroutine computes the latest monthly 
value of the Index from the following:
CPI. = CPI^_i * (1. + (difference in prime rate from
6.8^)/2000 + (uniform random element)
/I6 0.).
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A growth rate of .3125 percent a month will thus result when 
the prime rate is 6.8 percent, while a growth rate of .3275  
will result when the prime rate is 6 .5 percent. These rates 
are a good approximation of actual recent growth of consumer 
prices.
A change in prime rate will also be requested by the 
subprogram when growth rates of the Consumer Price Index 
exceed the limits mentioned earlier.
Subroutine MONIES
An abbreviated flowchart of this subroutine is pro­
vided in Figure 9» The subprogram computes both the rate of 
prime commercial paper (W(19)) and the value of Moody's Aa 
Corporate index (E(13)). The former is a function of business 
expansion over the latest quarter as measured by the Index 
of Industrial Production, the amount of expansion or con­
traction in monetary policy (W(13)), and a random generator 
uniformly-distributed over the range of t,25. A decrease in 
prime rate is requested if the rate on paper exceeds nine 
percent. The Moody Index is merely an average of .?14 points 
above the prime paper rate.
In addition, the subprogram monitors the length of 
time that monetary policy has been contracting or expanding, 
and will attempt to change the policy when the time exceeds 
an annual period.
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The SIMSTOCK Market Environment 
Program execution
Execution of subprograms providing market information 
is controlled by Subroutine ENVIRN. There are four of these 
subsidiaries, one which is called every month, and three which 
are referenced weekly. The three weekly subprograms will be 
presented first.
Subroutine DJONES
Five daily closing prices of stock market aggregates 
for each week simulated are provided by this subroutine in 
conjunction with a function subprogram called Prices. Besides 
fulfilling this basic purpose, the Dow subroutine has access 
to parameter change procedures in another subroutine whenever 
the prime rate has changed. It also retains high and low 
values of the Dow Jones Industrials for the current month, 
and maintains a record of percentage advance or decline of 
the Dow Industrials and Standard and Poor's Averages for the 
current year. Figures 10a and 10b contain the program flow­
chart .
The arguments X and Y, transmitted to the function 
PRICES by the dummy variable Z, are set initially each week 
to a fair coin toss of plus or minus. Function PRICES will 
then compute a new value for Z following each iteration which 
is the sign of the last price change, ±1. Price changes have
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a fifty percent chance of being either positive or negative 
due to the random generator, but the addition of the variable 
Z creates a seventy-five percent chance that adjacent price 
changes will have the same sign. Therefore, in accordance 
with Ying’s findings, the conditional probability of adjacent 
price changes having the same sign is greater than fifty 
percent.^
The Dow Jones Transportation Average, contained in 
array RR, is computed by formula from the corresponding day's 
Dow Industrials' quotation. This formula resulted from a 
regression analysis of daily historical data on these two 
indicators over the period of late 1966 through the first 
half of 1968, a period of 19 months. A random factor was 
added to the equation to approximate the standard error of 
the estimate found in this analysis. For any given day, the 
Transportation Average, RR, is given by;
RR = (DJIA + 1^.7 )/3. + 3 . * RAND(-1.)
where DJIA is the corresponding Industrials' 
quotation and RAND(-1.) is a normally-distri­
buted variable of mean = 0 and standard dev­
iation = 1.
Subroutine VOLUME
For each simulated trading day, the volume subprogram 
computes the following; Daily NYSE (New York Stock Exchange)
^Ying, "Stock Market Prices and Volume of Sales," 677,
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volume» V, in millions of shares; the number of issues traded 
daily, RR; the number of issues advancing, SP; the number 
declining, DJ; and the latest value of a moving advance- 
decline ratio, AD. The program glossary is confusing be­
cause of the utilization of some array names used previously 
in connection with market aggregates. Computer memory con­
straints required these usages, however.
Volume is a function of the latest daily percentage 
change in the S & P Index (Standard and Poor's Five Hundred 
Stock Composite), YX, a first approximation of the number of 
issues traded, ZZ, and a "normal daily volume factor," E(ll). 
ZZ is determined as a percentage of the total number of 
listed NYSE issues, E(8), such that
.9 * E(8) : ZZ : 1.0 * E(8),
and an expected value of approximately
.96 * E(8).
Then volume is computed as
V = %ÜV06^. " 100" * ^  + 1 .5 * RAND(-1.),
(A) t (B) + (0)
where V is in millions of shares.
The determination of E(ll) will be covered below, but it can 
be given an arbitrary value of 600 for illustrative purposes. 
Then A = .006 of the issues traded, B is in the range 
-1 < B < +1, and C has an expected value of 0.
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The final value for issues traded, RR, is ZZ plus 
or minus a random variable of mean = 0 and standard dev­
iation = 5 plus 3 times the volume in excess of 8 million 
shares, measured in millions.
Advance-dedine statistics are related to the S & P 
Index, but not the Dow Industrials, because the former pro­
vides a more pervasive view of market activity. A variable 
L is set equal to 1, 2, or 3 for negative, zero, or positive 
daily changes in the S & P Index. When L=l, the number of 
issues declining will be greater than those advancing. The 
opposite occurs when 1=2,3. A variable X is chosen such that 
XI.2 , and this value represents the percentage of issues 
remaining unchanged. In periods of rapid price movements, 
as measured by the mean parameter of the S & P Index, X will 
be correspondingly smaller. X is then changed to
X = (l.-X) * RR, where RR is the number of issues
traded,
so that X becomes the number of issues advancing and declining. 
Random variables Y and Z are then chosen so that Y + Z = 1. 
Then, for L=l, the number of issues declining becomes the 
maximum of (Y,Z) multiplied by X, and the minimum of (Y,Z) 
times X becomes the number advancing. The opposite result 
occurs for L = 2,3 .
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Subroutine MOODYS
Composite yields for Barron’s Ten Hi-Grade Bonds, 
Moody’s Aa Corporates, the Dow Jones Forty-Bond Index, six- 
month Treasury bills, and five-year Treasury bonds are cal­
culated weekly by this subprogram. Components of the monthly 
Confidence Index computation are also gathered as simple 
summations of the weekly statistics.
A variable X is computed as the growth of the Indus­
trial Production Index in excess of its expected growth rate, 
unless a change occurred in the prime rate during the weekly 
iteration. Then X is set equal to the change in the prime 
rate. Y is a value of a uniform random generator. Z is 
usually a positive value between zero and one, but becomes 
negative for highly positive values of the leading barometric 
index’s bias factor.
Yields for the Dow Jones Forty Bonds, E(15), and 
Barron's Ten Hi-Grade Bonds, E(l4), will always be spread a 
minimum of two basis points unless Z is negative. A negative 
value for X can result in Confidence Index values greater 
than one, but very infrequently. Such an event would have 
a low probability, and would only occur when excessive optim­
ism and speculative activity exist in the bond market. Both 
of these composite yields are functionally related to Moody’s 
Aa Corporates, and bracket it. Treasury bills, E(25), are 
a function of the current prime paper rate, while Treasury
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bonds, E(24), are related to Moody's Aa Corporates.
Subroutine MNTHLY
This subroutine is the largest one in the stock 
market model. It is referenced monthly by normal routing 
procedures contained in Subroutine ENVIRN, but it can also 
be called at any time by the stock composite subroutine,
DJONES.
During normal execution, routines are processed 
which determine the number of issues listed on the NYSE for 
the coming month, E(ll), and the "normal daily volume factor," 
E(8): the short interest ratio, E(l6), and the Confidence
Index, E(23), are also computed for the month just completed. 
Parameters of the composite stock indicators' distributions 
can also change during normal processing, but only due to an 
abnormally long period of stationarity resulting in dramatic 
price changes or the absence of price changes.
Figure 11 presents a flowchart of the normally 
executed segments, and Figure 12 depicts one of the parameter 
change routines available to the DJONES subroutine. The 
particular one shown is for changing the Dow Industrials' 
parameters, but the routine used for changing the parameters 
of the S & P 500 distribution is directly analogous.
The number of issues listed on the NYSE, E(8), is 
computed monthly by the increasing random percentage change 
function shown below:
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E(8) = E(8) + (2. * R - 1.2 * R)/lOO,j modulo (1.)
where R is a uniformly-distributed random variable.
Therefore, E(8) = E(8) * (1. + .008 * R) « modulo (1.),
and Exp (E(8))^= 1.004 * E(8)^_j.
Values in the equation were chosen on the basis of historic 
growth rates for the number of issues listed on the NYSE.
The average monthly growth rate from I963 to 19&9 was approx­
imately 2.8 percent per year which is comparable to a com­
pounded monthly rate of .4 percent.^
The "normal daily volume factor" referred to earlier 
was derived by dividing annual average daily volume, measured 
in tens of thousands of shares, by the annual average number 
of issues listed on the NYSE for the years I96O to 1968 .̂
The resulting values evidenced an annual growth of 66 .75  
points. Therefore, E(ll), the volume factor, is computed as
E(ll) = E(ll) + 3 . * RAND(-1.) + 5 .5, so that
AE(ll) has a mean of 5*5 and a standard deviation of 3.
The expected annual growth is then 12 * 5.5, or 66. E(ll) is 
multiplied by the number of listed issues to provide a daily 
volume statistic.
The short interest ratio, E(l6), is computed as a 
function of the mean of the S & P 500 distribution (see
1The Dow Jones Investor's Handbook-1970, p. 74.
2New York Stock Exchange Fact Book* 1969. pp. 68, 76.
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statement #12, Subroutine MNTHLY) when the mean is non-zero. 
For zero values of the mean, the bias factor of the baro­
metric index, W(30), is used. The ratio is always forced to 
satisfy the condition that .5 E(l6) 2.85, which are historic 
limits for this indicator.
Parameter changes are effected for the composite 
stock indicators' distributions whenever the combined period 
of stationarity of both indicators is greater than eight 
months (see statement #7, Subroutine MNTHLY). These changes 
are functions of the bias factor of the barometric index, 
W(30). Changes may also be effected when the percentage 
advance-dedine counters (E(l?) and E(18)) for either indi­
cator exceed some specified limit. The amount of change is 
controlled by the magnitude of the variable NT, and is 
designed to alleviate the condition triggering the change. 
The parameter change routines are at the beginning of the 
subroutine, and are the same ones referenced by Subroutine 
DJONES. Routing is controlled in such a way that negative 
changes always occur first to the S & P Index parameters, 
and positive changes always occur first to the Dow Indus­
trials' parameters. Dow stocks generally recover first 
after downward market movements, and often show a positive 
divergence from the market prior to downward movements.
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Infrequent changes in the mean X*, are of the form
X' = (W(30) + .15 - R)/1500., where R is a normally-
distributed variable of 
mean = 0, and W(30) is 
the barometric bias 
factor.
The changes called for by Subroutine DJONES are of the form 
X' = X' + (NT + R - .8 * R)/1000.;
or aX* = (NT + .2 * R)/1000., where R is a uniformly-
distributed random variable 
with an expected value of .5»
Both of these formulas contain a very small amount of positive 
bias. For the first, this is .5/1500, or .0001; and in the 
second, although the bias is random, it still has an expected 
value of .0001. In terms of wealth ratios, over an annual 
period of 240 trading days, this bias could be expected to 
impart a factor of I.03, or a secular rate of 3 percent when 
compounded daily.
Operating Constraints
The Pass Two portion of the model, as listed in 
Appendix I, requires 38,729 bits of core storage. Very 
little room is left for expanding data dimensions. Current 
dimensions indicated in the source deck listing were chosen 
solely to test the program and were therefore made corres­
pondingly small. The inability to expand these dimensions 
and thereby increase the number of securities in the model 
is a severe constraint.
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Another problem which has not been resolved is the 
failure of the program to give the same results on identical 
runs. Many difficulties were encountered with the computer 
system used during the construction of the model, and these 
alone may be responsible for the varying results. On some 
occasions, a total failure to execute successfully has 
occurred. Yet the same data and random seed can be used 
subsequently to provide a successful run. Since the results 
are not constant, the computer system seems to be the most 
likely difficulty, but confirmation of the problem is lack­
ing.
Despite these problems, some test runs were conducted, 
and are briefly discussed in Chapter V. The project is also 
summarized in the next chapter, and some conclusions are 
presented.
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CHAPTER V 
EVALUATION AND CONCLUSIONS
Testing performed on the main simulation model.
Pass Two, is presented briefly in the first section of this 
chapter. The limitations of the model are discussed in the 
second section of the chapter. The project is summarized 
and conclusions are offered in the third part, and the final 
part contains some suggestions for further study.
Evaluation of SIMSTOCK
Five-year test runs were conducted for Pass Two by 
altering the program to loop continuously for twenty con­
secutive twelve-week cycles. Computer availability has 
limited testing to only five of these runs.
The maximum five-year gains for Gross National 
Product, Federal Reserve Board Index of Industrial Pro­
duction, and Consumer Price Index, were 53*6 percent, 21.2 
percent, and 2 7.1 percent, respectively. Respective lows 
registered were 19*3 percent, 6.1 percent, and 9.2 percent. 
Results were highly dependent upon the state of the economy 
as described by the starting parameters although significant 
variations were achieved by changing only the random seed. 
These results were deemed compatible with historic data
97
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insofar as econometric reaction was considered. Results 
were fair to poor for interest rates and yields. Not only 
did yields of corporate bonds increase to unaccountably 
high levels, but comparable yields for indexes such as the 
Dow Jones Forty Bonds and Moody’s Aa Corporates were spread 
by as much as three percent. These problems can no doubt be 
solved, but machine failures and inconsistencies experienced 
during this project have delayed some of these corrections.
Only three of the five runs referred to above were 
fully executed. The other two resulted in execution failures, 
although the runs were repeated with the same data and sub­
sequently executed successfully.
Limitations
At the end of the previous chapter, mention was made 
of a size restriction encountered in working with the IBM 
1620 Model I system. Pass Two will be the largest of the 
three programs comprising the full model, but data arrays 
cannot be expanded in any of the programs beyond the extent 
of the allowable size in Pass Two. The only solution to 
such memory constraints would be program subdivision, but 
then more passes would considerably lengthen computer execu­
tion time.
The whole problem rapidly diminishes if tape or disc 
capabilities are available. The program may then be executed 
in segments, thereby compensating for memory limitations.
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Nevertheless, on a card-oriented system without 
these peripheral devices, such as the one available for 
this project, the model will be slow to execute, and the 
number of issues and players permissible will be limited. 
Perhaps even an abbreviated version of the model would be 
necessary before its use on such a system could be justi­
fied.
Conclusions
Stock market theory and historical price data were 
reviewed for the purpose of outlining the requirements nec­
essary for a stock market simulation model. The model sug­
gested by this research was presented as a business gaming 
device oriented toward investment education at the graduate 
or undergraduate level of formal business training. A 
proposed structure for this model was also presented, but 
it was specifically oriented to a particular computer 
system. Several specific simulation devices for the model 
were developed during this project and presented in this 
paper. These devices form a portion of the model which is 
an independent program and which was tested at the completion 
of the project.
Although the testing conducted was very limited 
in scope, the results provided information sufficient for 
several conclusions to be reached:
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1. The AFIT KINGSTRAN/1620 system is inadequate 
for a model of this size and scope.
2. After four years— and on approximately one 
run in five, after two or three years— the 
model demonstrated some instability in bond 
yields and interest rates. The instabilities 
noted were tendencies toward abnormally high 
rates, sometimes over ten or eleven percent.
3. Aggregate measures of stock prices— specifi­
cally, the Dow Jones Industrial Average and 
Standard and Poor's Five Hundred Stock Com­
posite— appeared to be realistic, but did not 
lead economic activity by as great a time 
period as was expected.
4. The model should be able to function effec­
tively with minor changes if it is used in 
conjunction with a different computer and 
programming system.
Additional Requirements and Research
Several features could be added to the model struc­
ture outlined in this paper which would enhance its useful­
ness.
First, a tax rate could be carried in the data file 
for each player, and net performance could be calculated and 
included in account reports. This would create an additional 
constraint on the player's decisions, and would familiarize 
him with the tax implications of selecting various invest­
ment vehicles.
Second, a very realistic market could be created if 
industry codes were used in the model. A great deal of price
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movement grouping is formed by industry association.^ This 
addition would require changes in both the SIMSTOCK economy 
and market so that information could be generated by industry 
categories as well as for the general state of the economy. 
Even if these changes could be effected without any increase 
in program size, however, the effort would not be justified 
unless a larger number of issues could be included in the 
model. No doubt a disc capability would be mandatory for 
this undertaking.
The feature of weighting the mean price change 
parameters of individual issues by the factors effecting 
issue price— general market buoyancy, money rates, real 
economic growth, earnings, and inflation— was presented 
earlier in this paper. Testing is still in progress to 
properly define this process so that the translation of 
events into parameter changes can take place.
tBrealey, Risk and Return, p. 63.
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SIMSTOCK, PASS 2
COMMON W (6 0 ),E (3 0 ),N R P T (1 3 ),D J (5 ),S P (5 ),R R (5 ), 001
1 V (5 ),A D (5 ),I,N T ,L 0 0 P
CALL UPDATE(1 ) 002
MA IN LOOP
DO 50 1 -1 ,LOOP 003
NT-0 004
CALL ECONMY 005
CALL ENVIRN 006
IF(NRPT( 0 -2 )5 0 ,5 5 ,5 5  007
MONTHLY OUTPUT
55 PUNCH,(W (K),K-1,60) 008
PUNCH,(E(K),K"1,30) 009
DO 49 J »28 ,30  010
49 E (J )= 0 : O il
W (1 5 )-E (1 ) 012
W (16 )-E {1 ) 013
50 CONTINUE 014
PUNCH PLAYER CARDS
CALL UPDATE(2 ) 015
100 STOP 016
END 017
SUBROUTINE UPDATE (KLM) 018
COMMON W (6 0 ),E (3 0 ).N R P T (1 3 ),D J (5 ),S P (5 ),R R (5 ), 019
1 V (5 ),A D (5 ),I,N T .L 0 0 P
DIMENSION ID A T E (3 ),A (1 6 ),B (3 ),C (5 ) 020
GO TO (1 0 ,1 1 ) ,KLM 021
READ PARAMETER CARD 
10 READ 1 ,N PLYRS ,NSTOCK,NWRNTS,N BON DS,NOPTNS, LOOP 022
1 ,(ID A T E (K ),K -1 ,3 ),R A
1ND0M 023
1 F0R M A T(8 |2 ,|4 ,F9 .8 ) 024
STARTING DATE, THIS CYCLE
PUNCH.(IDATE(K),K-1,3) 025
R EAD ,(W (K ),K -1,60) 026
R E A D ;(E (K ),K -1 ,30) 027
DETERMINE NEW RANDOM SEED FOR NEXT CYCLE 
RANDOM=RAND (RANDOM) 028
J -2 1 3 .0 * (  10O.*RANDOM-FL0AT ( INT( 100.*RAND0M) ) )+  029
1 FLOAT(IDATE( 2 ) * (IDAT
1E (1 )+ 3 )) 030
102
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C CYCLE RANDOM GENERATOR
00 5 K - l .J  031
5 RANDOM-RANDCO.) 032
RANDOM-RAND(-t.) 033
RANDOM-ABS (RANDOM-FLOAT ( INT (RANDOM) ) ) 034
C DETERMINE COMPLETION DATE FOR THIS CYCLE, AND RE
PORTS DUE
DO 25 1=1,LOOP 035
N R P T (l)-0  036
IDATE(1)=IDATE(1)+1 037
IF (ID A T E (1 )-4 )1 2 ,1 2 ,1 5  038
12 N R PT(I)-1  039
GO TO 25 040
15 IDATE(2)=IDATE(2)+1 04l
IDATE(1)=1 042
DO 17 KK=1,10,3 043
IF (ID A T E (2 )-K K )ia ,1 9 ,1 7  044
17 CONTINUE 045
18 N R P T (l)-2  046
GO TO 20 047
19 N R P T (l)-3  048
20 IF (ID A T E (2 )-1 2 )2 5 ,2 5 ,2 1  049
21 IDATE(3) = IDATE(3)+1 050
IDATE(2)»1 051
N R P T (l)-4  052
25 CONTINUE 053
M=L00P+1 054
DO 30 K=M,13 055
30 NRPT(K)«0 056
C PUNCH NEW PARAMETER CARD
PUNCH 1,NPLYRS,NSTOCK,NWRNTS,NBONDS,NOPTNS,LOO 057 
1P ,(ID A T E (K ),K =1 ,3 ),R
1AND0M 058
PUNCH, (N R PT(K ),K »1,13) 059
JJJ-24NST0CK4NWRNTS+NB0NDS+N0PTNS 060
DO 2 KL=1,JJJ 06l
READ 3,(A(M M ),M M «1,16) 062
2 PUNCH 3,(A(M M ),M M »1.16) o63
3 FGRMAT(16A5) o64
RETURN 065
C READ PLAYER CARDS
C PUNCH PLAYER CARDS
11 DO 4 l»1,NPLYRS 066
READ 6 ;(B (K ),K -1 ,3 ) ,(C (K ),K = 1 ,5 ) ,K 1 ,K 2 ,K 3 .K 4  067
PUNCH 6 .(B (K ) ,K -1 ,3 ) ,(C (K ) ,K -1 -5 ) ,K 1 ,K 2 ,K 3 ,K 4  068
6 F0R M A T (3A 5 ,2F 12 .2 ,3F 10 .2 ,3 I3 ,I2 ) 069
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JJJ-K1+K2+K3+K4 070
00 4 KL-1.JJJ 071
READ 3,(A (M M ),M M -1,16) 072
4 PUNCH 3,(A(M M ),M M»1,16) 073
RETURN 074
END 075
SUBROUTINE ECONMY 076
COMMON W (6 0 ),E (3 0 ),N R P T (1 3 ),D J (5 ),S P (5 ),R R (5 ). 077
1 V (5 ),A D (5 ),I,N T .L 0 0 P
IF (N R P T (I) -1 )8 ,8 ,5  078
5 DO 4 J -9 ,1 1  079
4 W (J )-F L 0A T (IN T (W (J )))+ 1 . 080
W (l4 )= W (l4 )+ i;  081
9 GO TO (8 ,3 ,2 ,1 ) ,N R P T ( I)  082
1 CALL PRIMRT 083
E (1 7 ) -0 .  084
E (1 8 )= 0 . 085
2 CALL GNPROD 086
3 CALL BARMTR 08?
CALL FRBIND 088
CALL CPINDX 089
CALL MONIES 090
8 RETURN 091
END 092
093
SUBROUTINE PRIMRT 094
COMMON W (6 0 ),E (3 0 ).N R P T (1 3 ),D J (5 ),S P (5 ),R R (5 ), 095
1V (5 ),A D (5 ),I,N T ,L 0 0 P  
IF (N T )1 ,4 0 ,1  096
1 IF (W (1 1 ) - i ; )4 0 ,2 3 ,2  097
23 IF ((:9 5 -;1 *A B S (F L 0 A T (N T )))-R A N D (0 .))2 ,6 0 ,6 0  098
2 NNT-NT+4 099
Y=W(13) 100
GO TO ( 3 ,4 ,5 .4 0 , 5 ,4 ,3 ) ,NNT 101
3 (8 )+ J25*FL0AT (NT+ INT (3 .*ABS (RAND ( - 1 .  ) )*RAND 102 
1(0.)))
S A VE «(1 .5*R A N D (0;))*(X -W (8)) 103
12 W(12)-W(12)+SAVE 104
W (13)-SIG N(SAVE)*50. 105
14 IF (S IG N (W (1 3 ))-S IG N (Y ))15 ,6 ,15  106
15 W (14)=0. 107
GO TO 6 108
4 X=W (8)+FL0AT(NT)*.25 109
W (13)JW (13)+10.*X  110
GO TO 14 111
5 IF(RAND(o: ) - .5 ) 4 0 ,4 0 ,4  112
6 |F (X -1 0 .)7 .8 ,8  113
7 IF (X -4 . )9 ,9 ,1 0  114
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8 X -X -.2 5  115
GO TO 6 116
9 X-X+.25 117
GO TO 7 118
10 IF (X -W (8 ))2 1 ,6 1 ,2 1  119
21 DO 11 J -6 ,1 0  120
11 W(ji=W(J+1) 121
W(8)=X 122
W (11)=0 . 123
SJW (8)-W (7) 124
TYPE 7 5 ,S 125
PUNCH 7 5 ,S 126
75 FORMAT(5HPRI.ME,F10.3) 127
RETURN 128
40 IF (W (1 1 ))4 4 ,6 0 ,4 4  129
44 IF ((S T A T (W ,4 5 ,5 7 ,1 )-S T A T (W ,3 2 ,4 4 ,1 ))-.0 2 )6 0 ,4 5  130
1,45
45 NT— 2 131
W (12)=W (12)-.25  132
IF (W (1 2 )-3 .5 )4 6 ,4 6 ,5 0  133
46 W (12)"W (12)+ .25 134
NT=1 135
50 GO TO 1 13660 NT-0 137
RETURN 138
61 W (30)=X -7 . 139
RETURN 140
END 141
C
SUBROUTINE GNPROD 142
COMMON W (6 0 ),E (3 0 ),N R P T (1 3 ),D J (5 ),S P (5 ),R R (5 ), 143
1V (5),A D (5),l,N T ,LO O P
BASE-STAT(W,1,5,3) 144
W (5)-W (4)4W (5) 145
DO 5 J - 4 ,2 , - 1  146
5 W (J)"W (J-1) 147
X -STA T(W ,32,35,1) 148
Y»STAT(W ,45,48,1) 149
W{1)-BASE*(X+Y+X*Y) 150
RETURN 151
END 152
C
SUBROUTINE BARMTR 153
COMMON W (6 0 ),E (3 0 )jN R P T (1 3 ),D J (5 ),S P (5 ),R R (5 ), 154
1 V (5 ) /D (5 ) , I ,N T ,L 0 0 P
W (31)=W (31)+1. 155
IF (W (30 ))1 0 7 ,10 6 ,1 07  156106 W(3 0 )-.0 0 0 0 1  157
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C HAS PRIME CHANGED (CURRENT MONTH)
107 IF (W (1 1 ))5 ,4 ,5  158
4 W (3 0 )-W (3 0 )+ ;5 *(W (7 )-W (8 )) 159
GO TO 104 160
C HAS PRIME CHANGED (LSST MONTH)
5 IF (W (1 1 ) - i; )1 0 4 ,8 4 ,1 0 4  161
84 W (3 0 )4 /(3 0 )+ 1 :5 * (W (7 )-W (8 ))  162
W 0 1 )« 1 ;1  163
103 IF (W (3 1 )-3 :)1 0 ,1 0 ,1 0 4  164
104 SAVE4/C29) 165
C LATEST BIAS
W (30)»4 /(30 )-W (30)/A B S (W (30))*(.15*W (30)+ .25*A B  
1S(RAND(-1 J ))*S IG N (W  
1 (3 1 ) -5 .5 )  167
C HAS SIGN OF BIAS CHANGED
IF(W (30)/ABS(W (30))-SAVE/ABS(SAVE))2,85-2 168
2 W (30 )4 f (30)4W (30) /ABS (W (30) )*ABS (RAND(-1 : )  ) 169
W (29)*W (30)/A B S(W (30)) 170
W (3 1 )"0 . 171
GO TO 10 172
85 IF (N R P T (I)-3 )1 0 ,6 ,1 0  173
6 IF (W (3 1 ) -1 2 :)1 0 ,7 ,7  174
7 DO 8 KL#29,31 175
8 W(KL)=;00000001 176
C DETERMINE LATEST BAROMETRIC VALUE, SAVE (SAVE*^(20))
10 SAVE=(STAT(W,25,28,3)+((RAND(0.)4RAND(0.)4RAND 177
1 ( 0 : ) ) /3 . ) + W ( 3 0 ) ) /5 .
96 IF (S A V E )11.11 ,12 178
11 W (30 )..54 W (30 ) 179
SAVE-SAVE+;1*RAND(0.) 180
GO TO 96 181
12 IF (S A V E -1 .)1 5 ,1 4 ,1 3  182
13 W (30 )=W (30)-.5  183
14 SAVE»SAVE-.05*RAND(0,) 184
GO TO 12 185
15 DO 16 J -2 8 ,2 1 ,-1  186
16 W W ) ^ ( J - I )  187
W(20)-SAVE 188
RETURN 189
END 190
C
SUBROUTINE FRBIND 191
COMMON W (6 0 ),E (3 0 ).N R P T (1 3 ),D J (5 ),S P (5 ),R R (5 ), 192
1V (5 ),A D (5 ) j , n t , lo6p 
C IS ANNUAL RATE OF FRB INDEX UNDER TWO PERCENT
IF(STAT(W ,3 2 ,4 4 ,1 ) - :0 2 )  1 5 ,1 5 ,5  193
C WAS RATE OF INCREASE NEGATIVE LAST QUARTER
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5 IF (S T A T (W ,3 2 ,3 5 ,1 ))1 0 ,2 5 .2 5  194
10 NT— 1 195
C UNEMPLOYMENT
W (60)«^(60)+(RAND(o;)4 R A N D (0 .)) /2 .' 196
GO TO 20 197
15 NT— 2 198
20 CALL PRIWT 199
C SHIFT FRB INDEX ARRAY
25 DO 30 J » 4 4 ,3 3 ,-1  200
30 W(J)-JW(J-1) 201
C DETERMINE FRB INDEX FOR NEW MONTH
W (3 2 )-^ (3 2 )* (1 ;+ (6 .5 -W (7 )) /1 2 0 0 .4 R A N D (0 .) /1 2 5 . 202
1+(STAT(W ,23,25,3)4W (
1 2 3 ) -2 : ) /3 0 0 : )  203
IF (A B S (W (3 2 )-W (3 3 ))-.8 )3 3 .3 3 ,3 2  204
32 W (32)»4 /f33)+S IG N (W (32}-W p3))*.7+ ;o1*R A N D (o;) 205
33 W (6 o W (6 o )-S IG N (W (3 2 )-W (3 3 ))*R A N D (0 :)/2 0 . 206
IF (W (6 0 )-4  .‘5 )4 5 ,3 5 ,3 5  207
35 W (3 2 )= W (3 2 )-(W (6 0 )-4 :5 )/2 0 : 208
45 IF (W (6 0 )-2 :5 )4 6 ,4 6 ,4 7  209
46 W (60)"W (60)+:5*RAND(0:) 210
47 RETURN 211
END 212
C
SUBROUTINE CPINDX 213
COMMON W (6 0 ),E (3 0 ),N R P T (1 3 ),D J (5 ),S P (5 ),R R (5 ), 214
1V (5 ),A D (5),l,N T ,LO O P  
C WAS LATEST ANNUAL INCREASE IN CPI GREATER THAN S 
EVEN PERCENT
IF (S T A T (W ,4 5 ,5 7 ,1 )-:0 7 )1 0 ,2 0 ,2 0  215
C WAS LATEST QUARTER GREATER THAN TWO PERCENT
10 IF (S T A T (W ,4 5 ,4 8 ,1 )-:0 2 )3 0 ,1 5 ,1 5  216
15 NT»1 217
GO TO 25 218
20 NT-2 219
25 CALL PRIMRT 220
C SHIFT CONSUMER PRICE INDEX ARRAY
30 DO 35 J - 5 7 ,4 6 ,-1  221
35 W (J)«W (J-1) 222
C DETERMINE CONSUÆR PRICE INDEX FOR NEW MONTH
W (4 5 )= 4 ^ (4 6 )* ( i;+ (6 .8 4 f(7 )) /2 0 0 0 .4 R A N D (o ;) /l6 0 . 223
1)
IF(ABS (W (45)-W (46) ) - ; 8 )4 5 ,4 0 ,4 0  224
40 W{45)=W(46)+(^64RAND(o:) /1 0 .)*S IG N (W (4 5 )-W (4 6 ) 225
45 RETURN 226
END 227
C
SUBROUTINE MONIES 228
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COMMON W (6 0 ) ,E (3 0 ) ,N R P T (1 3 ) ,D J (5 ) ,S P (5 ) ,R R (5 ) , 229
1 V (5 ) ,A D (5 ) ,I ,N T ,L 0 0 P
S A V E ^ (1 3 ) 230
W (1 3 )-W (1 3 )+ (W (1 2 )- lt :7 5 ) 231
IF (W (1 3 ) -1 O 0 .)8 ,8 ,7  232
7 W (1 3 )-1 0 0 ; 233
C COMPUTE ANNUAL AND QUARTERLY CPI CHANGES (PERCEN
TS)
8 W (5 8 ).S T A T (W ,4 5 ,5 7 ,1 ) 234
W (59)«-STA T(W ,45,48 ,1) 235
C DETERMINE COMMERCIAL PAPER RATE, DEP UPON BUS EX 
PANS I ON, CURRENT QUA
W (1 9 )« ^ 0 9 )+ 5 .*^ (S T A T (W ,3 2 ,3 5 ,1 )- :o1 2 )4 W (1 3 )/5 0  236
10 .+ .2 5 *  (RAND ( 0 : )  -RAN
lD ( o ; ) )  237
IF (W (1 9 } -9 fO } 6 ,2 ,2  238
2 IF ( E ( 1 3 ) - 1 0 . ) 4 ,3 ,3  239
3 NT—.3 240
GO TO 39 241
4  NT»—2 242
39 W (19 )= :9 :4R A N D (0 .)*;05  243
E (1 3 )« 9 .-r ilA N D (0 .)* ;0 5  244
5 CALL PRIMRT 245
GO TO 11 246
6 E (1 3 )» * f(1 9 )+ (R A N D (0 ,)4 R A N D (0 .)) /1 .4  247
11 IF (W (1 4 ) )9 ,1 5 ,9  248
C HAS THERE BEEN MORE THAN 12 MONTHS OF RESTRAINT/ 
EXPANSION
9 IF (A B S (W (1 4 ))-1 2 J )1 5 ,1 0 ,1 0  249
10 NT— 2,**S1GN(W (13)) 250
CALL PRIMRT 251
15 RETURN 252
END 253
C
SUBROUTINE ENVIRN 254
COMMON W (6 0 ) ,E (3 0 )-N R P T (1 3 ) ,D J (5 ) ,S P (5 ) ,R R (5 ) , 255
1 V (5 ) ,A D (5 ) , I ,N T ,L 0 6 p
N T -0  256
IF (N R P T ( l) -2 )3 ,2 ,2  257
2 CALL MNTHLY 258
3 CALL DJONES 259
CALL VOLUME • 260
CALL MOODYS 261
5 RETURN 262
END 263
C
SUBROUT INE MNTHLY 264
COMMON W (6 0 ) ,E (3 0 ) ,N R P T (1 3 ) ,D J (5 ) ,S P (5 ) ,H R (5 ) , 265
1 V (5 ) ,A D (5 ) ,I ,M T ,L 0 0 P
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19 x - | f l^ t ( n t ) 4 R A h o ( o ; ) - : 8 * r a m d ( o : ) ) / io o o .  266
C PARAMETER'cliANGE, STANDARD AND POORS 500 COMPOS!
TE
1 IF ( E ( 2 6 ) ) 101 .1 02 ,1 0 1  268
101 E ( 6 ) ^ ( 6 ) - E ( i 6 ) * X  269
E ( 2 6 ) - o :  270
E ( 2 ) - E ( 2 ) / 2 ,  271
GO TO 103 272
102 IF ( E ( 2 0 ) - 2 .1 ) 1 0 9 ,107 ,107  273
107 E (6 ) -E (6 )+ X  274
E (2 6 )—41T 275
103 N T-0  276
E ( 2 0 ) - 0 ;  277
E ( 7 M B S  (E (6 )  ) * (  1 :4ABS (RAND(-1 : )  ) /1  .5  ) 278
TYPE 7 6 1 Æ (6 ) ,E (7 )  ,   ̂ 279
761 F0RMAT(/3HS-P,  2F10 : 6 / )  28o
109 RETURN 28 l
C PARAICTER CHANGE, DOW JONES INDUSTRIALS AVERAGE
2 IF (E (2 6 ) )1 0 4 ,1 0 5 ,1 0 4  282
104 E ( 2 ) ^ ( 2 ) 4 t ( i 6 ) * X  283
E (2 6 )« 0 .  284
E ( 6 ) - E ( 6 ) / 2 ;  285
GO TO 106 286
105 I F ( E ( 1 9 ) - 2 : i )  1 1 0 ,1 0 8 ,1 0 8  287
108 E (2 ) -E (2 )+ X  288
EC 2 6 )— NT 289
106 N T -0  290
E C l9 ) - 0 :  291
E (3 )" 4 B S (E (2 n * (1 :4 A B S (R A N D (-1 :) ) /1 .5 )  292
TYPE 7 6 2 ,E (2 ) ,E (3 )  293
762 F O R m T (/3H D JA ,2F 10 ,6 /) 294
110 RETURN 295
C NUMBER OF ISSUES LISTED, NEW YORK STOCK EXCHANGE
3 E (8 )» IN T (E (8 )* ( :5 + (2 r * R A N D (0 ^ ) - i :2 *R A N D (0 : ) ) /1  296
100*))
C VOLUME FACTOR
E (11 ) - €  (11 )+ î55+3,**RA N D (-1 : )  297
C BARRONS CONFIDENCE INDEX
E (2 3 ) -E (2 8 ) /E (2 9 )  298
73 E (1 9 ) -E (1 9 )+ 1 2  299
E (2 0 ) -E (2 0 )+ 1 .  300
C SHORT INTEREST
IF (E (6 ) )1 2 ,1 3 ,1 2  301
12 E (1 6 )= E (1 6 )-E (6 )*E (3 0 )*1 ;7 5 + R A N D (0 :) /1 0 ;  302
GO TO 14 303
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13 E (16 )^ (1 6 )-S IG M (W (3 0 ))*(R A N D (0 ;)4R A M D (0 .)-M IA N  304
lD ( a r f ) / 2 *
14 IF (E (1 6 ) -Æ )3 1 ,3 1 ,3 2  305
31 E ( l6 ) - E ( l6 ) + .W A N D ( o : )  306
60  TO 14 307
32 IF (E (1 6 ) -2 .8 5 )3 4 ,3 3 ,3 3  3o8
33 E ( l6 ) " E ( l6 ) - R A N D ( 0 : ) /5 f  309
GO TO 32 310
34 PUNCH B 3 ,E (2 3 ) ,1 (1 6 )  311
83 FORMAT (5HC0NF»,F10*7,5HSH0RT,F1 0 .5 )  312
7 IF (R A N D (0 * ) - ( ;0 5 * (E (1 9 )+ E (2 0 ) -4 . ) ) )1 7 ,1 5 ,1 5  313
C PARAMETER CHANGE, DJIA AND S-P
17 E ( 1 9 ) - 0 .  314
E (2 0 )» 0 ;  315
DO 8 J » 2 ,6 ,4  316
E (J )» (W (5 o)+,*5-»RAND(o : ) * S  IGN (RAND(-1 f ) ) ) / 1 5 0 0 .  317
E (J + 1 ) -A B S (E (J ) ) * (1 :+ I0 0 5 /A B S (E (J ) ) )  318
39 IF (E (J + 1 ) -A B S (E (J ) ) )6 2 ,6 2 .4 0  319
40 IF (E (J + 1 )-A B S (3 ? ^ (J )) )8 ,8 ,4 1  320
41 E (J + 1 )-E (J + 1 )- f5 *A B S (E (J ) )  321
GO TO 40  322
62 E (J + 1 )-2 ? *E (J + 1 ) 323
GO TO 39 324
8 CONTINUE 325
TYPE 7 6 3 .E ( 2 ) ,E ( 3 ) ,E ( 6 ) ,E ( 7 )  326
763 FGRMAT(/4h B 0 T H ,4 F 1 0 .6 /) 327
GO TO 18 328
C CHECK PERCENTAGE ADVANCE/DECLINE OF MARKET AGGRE
GATES
15 IF (E (1 7 )+ ? 2 )1 0 ,1 0 ,9  329
9 I F ( E ( l 8 ) - . 2 5 ) 4 2 , 11 ,11 330
10 NT=2 331
E (2 6 )« 0 :  332
GO TO 19 333
11 NT— 2 334
E ( 2 6 ) - o ;  335
GO TO 19 336
42 |F (E (2 6 ) )1 6 ,1 8 ,1 6  337
16 N T=E(26) 338
IF ( E ( 2 6 ) ) 5 1 ,1 8 ,5 2  339
51 E ( 2 6 ) -S IG N ( E ( lh )  340
GO TO 19 341
52 E (2 6 ) -S I6 N (E (1 8 ) )  342
GO TO 19 343
18 RETURN 344
END 345
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C
SUBROUTINE DJONES 346
COMMON W (6 0 ) ,E (3 0 )^ R P T (1 3 ) ,D J (5 ) ,S P (5 ) ,R R (5 ) ,  34?
1 V (5 ) .A D (5 ) /I .H T ,L 0 0 P  
C DID PRIME RATE CHANGE THIS MONTH
IF (W (1 1 ) )2 ,1 ,2  348
1 N T»4 î * (W (7 ) -W (8 ))  349
E ( 2 6 ) - o :  350
CALL MNTHLY 351
2 XH lA ND (or)-R A N D (o;) 352
Y -«A N D (0f)-R A N D (0 :) 353
C COMPUTE DAILY PRICES FOR MARKET AGGREGATES, CURR 
ENT WEEK
DO 3 J - 1 ,5  354
IF ( J - 1 ) 5 ,5 ,4  355
4  X « S T A T (D J ,J ,J -1 ,2 )/A B S (S T A T (D J ,J ,J -1 ,2 ))  356
Y-STAT (S P ,J ;J -1 ,2 )  /ABS (STAT (SP ,J  , J - 1 ,2 )  ) 357
5 DJ f J }-PR ICESfE ( 1K E  (2 )  ,E (3 )  ,X ) 358
SP(J )«PR ICES (E (5 )  Æ (6 )  Æ (7 )  ,Y ) 359
3 R R (J )= (D J (J )+ I4 f7 ) /3 Z + 3 !*R A N D (-1 .)  360
C INCREMENT PERCENTAGE ADVANCE/DECLINE COUNTERS
E (1 7 )» E (1 7 )+ (D J (5 ) -€ (1 ) ) /E (1 )  361
E (1 8 ) -E (1 8 ) + ( S P ( 5 ) - E ( 5 ) ) /E ( 5 )  362
105 P U N C H 7 (D J (J ) ,J = 1 ,5 ) ,(R R (J );J = 1 ,5 )V (S P (J );J » 1 ,5  363
106 E (4 ) -R R (5 )  364
IF (A B S (E (2 ) ) - f0 0 6 )9 ,9 ,8  365
8 E ( 2 } - E { 2 ) /2 ;  366
E (3 )" 1 f5 * E (2 )  367
9 IF (A B S(e ( 6 ) ) - ; oo6 )1 1 ,1 1 ,1 0  368
10 E ( 6 ) = E ( 6 ) /2 :  369
E ( 7 ) » 1 5 * E ( 6 )  370
C RETAINING MONTHLY HIGH AND LOW FOR DJIA
11 W (1 5 )« A M A X (W (1 5 ),D J (1 ) ,D J (2 ) ,D J (3 ) ,D J (4 ) ,D J (5 )  371
W (1 6 ) -A M IN (W (1 6 ) ,D J (1 ) ,D J (2 ) ,D J (3 ) ,D J (4 ) ,D J (5 )  372
6 RETURN 373
END 374
C
SUBROUTINE VOLUME 375
COMMON W (6 0 ) ,E (3 0 ) .N R P T (1 3 ) ,D J (5 ) ,S P (5 ) ,R R (5 ) , 376
1 V (5 ) ,A D (5 ) ,I ,N T ,L 0 0 P
L « S !G N (S P (1 )-€ (5 ))+ 2 ; 377
Y X = (S P (1 ) -E (5 ) ) /E (5 )  378
E ? l j - 0 j j 5 )  379
E (5 )= S P (5 ) 380
Z Z « (.*9 + 3 0 J *A B S (E (6 )))*E (8 ) 381
11 IF (Z Z -E (8 ) )1 ,1 ;1 2  382
12 ZZ-ZZ-20.**RAND(o ; )  383
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GO TO 11 384
1 DO 8 J - 1 ,5  385 
C DETERMINE DAILY VOLUME. NYSE
V (J )-E (1 1 )*Z Z /1 .E 5 + S IG N (R A N D (-1 ^ ))*(1 0 0 .^ A B S (Y  386
1 X )+ 1 f5 *R A N D (-1 :))
C COMPUTE ISSUES TRADED DAILY, NYSE
RR(J)-ZZ+S IGN (ran d  ( -1  * ) )*1 0 :*R A N D (0 .0 + 3 .^ (V (J )  38?
1—8.)
IF (R R (J ) -E (8 ) )1 0 2 ,1 0 2 ,1 0 1  388
101 R R (4 ) -E (8 ) -5 .*R A N D (0 .i  389
102 IF { J -5 )9 ,1 0 ,1 0  390
9 Y X -S T A T (S P ,J + 1 ,J ,1 ) 391
C VOLUME IN MILLIONS OF SHARES TRADED (MONTHLY SUM 
MATION)
10 E (3 0 )« € (3 0 )+ V (J )  392
IF ( E ( 6 ) - : 0 0 0 4 ) 2 ,2 ,3  393
2 X-RAND(0:) 394
IF ( X - : 2 ) 4 ,4 ,2  395
3 X = f0 0 0 2 /(A B S (E (6 ))+ :0 0 1 *R A N D (0 :))  396
4  X = R R (J )* (1 f -X )  397
Y -(R A N D (0? )4R A N D (0r))/2?  398
Z - U - Y  399
GO TO ( 5 , 6 . 6 ) ,L  400
C DECLINES GREATER
5 D J(J)"A M A X(Y ,Z )*X  401
SAVE=AMIN(Y;Z)*X 402
GO TO 7 403
C ADVANCES GREATER
6 SAVE«^MAX(Y?Z)*X 4o4
D J (J )-A M IN (Y ,Z )*X  405
7 IF ( J - 5 ) 1 7 ,16 .1 6  406
17 L = S I6 N (S P (J + 1 )-S P (J ))+ 2 ^  407
I F(ABS(E ( 6 ) ) - . ’001 >16,21,21 4o8
21 L -S IG N (E (6 ))+ 2 r 409
16 SP(J)«SAVE 410
A D (J )= E (1 2 )+ (S P (J )-D J (J ))/R R (J ) 411
a E (12 )-A D (J ) 412106 P U N C H -(R R (J ) ,J -1 ,5 ) ,(V (J ) ,J -1 ,5 ) ,(S P (J ) ,J -1 ,5 )  413
1 , ( D J ( j ) , J - 1 , | ) , ( ^ D ( J
l } ^ J - 1 . 5 j  414
105 E (9 ) -S P (5 )  415
E (1 0 ) .D J (5 )  416
RETURN 417
END 418
C
SUBROUTINE MOODYS 419
COMMON W (6 0 ) ,E (3 0 ) ,N R P T (1 3 ) ,'D J (5 ) ,S P (5 ) ,R R (5 ) , 420
1 V (5 ) .A D (5 ) ,I ,N T ,L 0 0 P  
C DID PRIME RATE CHANGE THIS MONTH
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, til
TYPE,1 423
C PREVENT ADDITIONAL FLUCTUATIONS DUE TO THIS CHAN 
GE
W (1 1 )-:0 1  424
GO TO 6 425
5 X = 5 ^ *(S T A T (W ,3 2 ,3 3 ,1 )-:0 0 3 5  ) 426
TYPE, 5 427
6 Y=RAND(0:) 428
TYPE,6,W (30) 429
Z -W (3 0 )/1 0 ^  430
T Y P E ,6 ,1 ,E (1 5 ) 431
TYPE,6 ,3 ,E (1 3 ) 432
T Y P E .6 ,1 ,Z  433
E(14)=E(13)+(R A N D  ( 0 : )  -H^AND ( 0 :)4RAND ( 0 .  ) ) /1 0  434
TYPE,34 ,E (1 4 ) 435
E (1 5 )« E (1 3 )-(R A N D (G .)4 R A N D (0 :)+ R A N D (0 ;))/1 0 : 436
T Y P E ,6 ,2 ,E (1 5 ) 437
34 IF (z }3 2 ,§ ,3 1  438
31 IF ( ( E ( 1 4 ) - E ( 1 5 ) ) - . 0 2 ) 9 ,9 ,1 0  439
9 E (1 4 )= E (1 4 )+ .0 1 5  440
TYPE,9 441
E (1 5 )= E (1 5 ) - :0 1 5  442
GO TO 31 443
32 IF ( (E (1 5 ) -E (1 4 ) )+ Z )3 3 ,1 0 ,1 0  444
33 E (1 5 ) -E (1 5 )4 R A N D (0 .) /3 . 445
TYPE, 33 446
E ( l4 ) * € ( l4 ) - R A N D ( 0 i ) /3 j  447
GO TO 32 448
10 IF (E (1 3 ) -E (1 4 ) )1 3 ,1 3 ,1 1  449
11 IF ( (E (1 3 ) - E ( 1 4 ) ) - J 9 ) 1 4 ,1 4 ,1 2  450
12 E (1 3 )= € (1 3 )- :5 *R A N D (0 :)  451
TYPE, 12 452
GO TO 10 453
13 E ( 1 4 ) -€ ( 1 4 ) + ’ 1*RAND(0;) 454
TYPE, 13 455
14 X = E (1 4 )-E (1 5 ) 456
TYPE, 14 457
E (1 3 )= E (1 5 )+ A M A X ((Y *X ) ,( (1 : -Y )*X ))  458
TYPE, 14,1 459
E ( 24 )-E  ( 13)-(RAND ( 0:)4RAND ( 0 : )  ) /1 :5 + 5  : * ( 1 : - E ( 2  460
1 3 ))  .
TYPE,1 4 ,2  461
E (25 )= W (1 9 )-R A N D (0 .) 462
TYPE, 1 4 ,3  463
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20
21
C
C 
C
IF (A B S (E (2 4 )-E (2 5 ))-1 255)24 ,24 ,21  464
fF (E (2 4 )-€ (2 5 ) )2 2 ,2 4 ;2 3  465
22 E (2 4 )= E (2 4 )4 R A N D (0 .) /5 :  466
TYPE, 22 467
E (2 5 )" E (2 5 ) -R A N D (o n /5 . 468
TYPE,22,1  469
GO TO 24 470
23 E (  24)"E ( 24)-RAND ( 0 : )  /5  .  471
TYPE, 23 472
E (2 5 )« € (2 5 )+ R A N D (0 ;) /5 ;  473
TYPE, 23 ,1  474
24 E (2 8 )= E (2 8 )+ E (1 4 ) 475
TYPE, 24 476
E (2 9 ) -€ (2 9 )+ E (1 5 )  477
TYPE, 24 ,1  478
TYPE 7 8 L w ( 3 2 ) ,W ( 4 5 ) ,^ ( 1 9 ) ,V ( 1 3 ) ,E ( 1 3 ) ,E ( 1 4 ) ,€  479
782 F 0R M A T (/2F 7 .2 ,7F 7 .2 ,2F 8:2 /) 481
RETURN 482
END 483
FUNCTION PRICES (PR,TMUJSD.Z) 484
NORMALLY-DISTRIBUTED PERCENTAGE CHANGE IN PRICE,
DP
DP=RAND(-1 f)*SD+TMU 485
IF (R A N D (0 .) - r 5 )5 ,1 0 ,1 0  486
5 DP=DP*Z 487
10 PRICES=PR*(DP+1. )  488
RETURN 489
END 490
C
C
C
FUNCTION S T A T(X ,M ,N ,JJ) 491
DIMENSION X (6 0 ) 492
C GENERAL-PURPOSE FUNCTION FOR ARRAY CALCULATIONS
GO TO (5 ,1 0 ,1 5 ) ;J J  493
C PERCENTAGE INCREASE/DECREASE
5 S T A T » (X (M )-X (N ))/X (N ) 494
RETURN 495
C DIFFERENCE
10 STAT-X(M)-XCN) 496
RETURN 497
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C SUMMATION OVER N-M ELEMENTS
15 STAT-o; 498
DO 20 K=M,N 499
20 STAT=STAT+X(K) 500
RETURN 501
END 502
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CD
■ DOQ.CgQ.
■D
CD
C/)
C/)
APPENDIX II 
GLOSSARY
8
T3»<
( O '
Econometric Data 
The list below identifies the elements of array (W(K), K=l,60)i
Value of K 
1
33"
CD
CD■DOQ.CaO3"O
o
CDQ.
■D
CD
C /)
C /)
3
4
5
6
7
8
9
10
Identity
Current quarterly increase in Gross 
National Product
Quarterly increase in Gross National 
Product, one quarter ago
Quarterly increase in Gross National 
Product, two quarters ago
Quarterly increase in Gross National 
Product, three quarters ago
*Actual Gross National Product, one year ago
Prime rate, two changes ago
Prime rate, last change
Prime rate, current
Time since W(6 ) determined
Time since W(7) determined
Units
billions of 
current dollars
billions of 
current dollars
billions of 
current dollars
billions of 
current dollars
billions of 
current dollars
♦♦percent
percent
percent
months
months
ON
CD
■ DOQ.
CgQ.
■D
CD
C/)
C/)
8
ci'
33"
CD
CD■DOQ.CaO3"OO
CDQ.
■D
CD
C /)
C /)
Value of K 
11 
12
13
14
15
16
17
18 
19
20
21
22
23
24
Identity
Time since W(8) determined
Federal Reserve Board, discount rate
***Federal Reserve Board index of 
restraint
Arithmetic sign of W(13)
High, Dow Jones Industrial Average, 
current month
Low, Dow Jones Industrial Average, 
current month
Not currently used
Not currently used
Four - six month prime commercial 
paper rate
BAROMETRIC DIFFUSION INDEX 
(t in months)
Value for month t+3
Value for month t+2
Value for month t+1
Value for month t (current month)
Value for month t-1
Units
months
♦♦percent
units
±1
units
units
♦♦percent
♦♦percent
percent
percent
percent
percent
H»H*-O
CD
■ DOQ.
CgQ.
■D
CD
C/)W
o"30
3
CD
8
ci'3"
13
CD
"nc3.3"
CD
CD■DOQ.CaO3■DO
CDQ.
■D
CD
C /)
C /)
Value of K
25
26
27
28
29
30
31
Identity
Value for month t-2
Value for month t-3
Value for month t-4
Value for month t-5
Arithmetic sign of bias factor 
Bias factor
Time since change of sign,W(29)
FEDERAL RESERVE BOARD INDEX OF 
INDUSTRIAL PRODUCTION
Units
percent
percent
percent
percent
±1
months
32 Value for month t (current month) units
33 Value for month t-1 units
34 Value for month t-2 units
35 Value for month t-3 units
36 Value for month t—4 units
37 Value for month t-5 units
38 Value for month t-6 units
39 Value for month t-7 units
00
CD
■ DO
Q .
Cg
Q .
■D
CD
C/)Wo"30
3
CD
8
ci'3"
1
3
CD
Value of K Identity Units
40 Value for month t-8 units
41 Value for month t-9 units
42 Value for month t-10 units
43 Value for month t—11 units
44 Value for month t-12 units
CONSUMER PRICE INDEX
CD
CD
45 Value for month t (current month) units
■ D
O
Q .
46 Value for month t - 1 units
a
O
4? Value for month t - 2 units
■ D
O
48 Value for month t-3 units
1—H
Q .
49 Value for month t—4 units
$ 1—H
3 "
50 Value for month t-5 units
O
" O
51 Value for month t-6 units
CD
3
C/)
52 Value for month t-7 units
C/)o'
3 53 Value for month t-8 units
54 Value for month t-9 units
55 Value for month t-10 units
vO
CD
■ DOQ.
CgQ.
■D
CD
C/)
C/)
CD
8
3.3"
CD
CD■DOQ.CaO3"OO
CDQ.
■D
CD
C /)
C /)
Value of K
56
57
58
59
60
Identity Units
Value for month t-11 units
Value for month t-12 units
Latest annual change. Consumer 
Price Index percent
Latest quarterly change. Consumer 
Price Index percent
Unemployment of labor force #Apercent
Market Aggregates 
The list below identifies the elements of array (E(K), K=l,30)i roo
Value of K 
1
Identity Units
Current yalue, Dow Jones Industrial 
Ayerages dollars
Mean daily change parameter, Dow 
Jones Industrial Ayerages percent
Standard deyiation parameter, Dow 
Jones Industrial Ayerages percent
Current value, Dow Jones Trans­
portation Average dollars
Current value. Standard & Poor’s 
500 Stock Composite dollars
CD
■ DOQ.CgQ.
■D
CD
C/)
C/)
8■D
CD
3.3"
CD
CD■DOQ.CaO3"O
o
CDQ.
■D
CD
C /)
C /)
Value of K
6
8
9
10
11
12
13
14
15
16
17
18
Identity Units
Mean daily change parameter.
Standard & Poor's 500 StockComposite percent
Standard deviation parameter.
Standard & Poor's 500 Stock
Composite percent
Number of issues listed. New York 
Stock Exchange units
Latest number of issues advancing units
Latest number of issues declining units
Volume factor. New York Stock 
Exchange units
Latest value, advance/decline ratio actual
Moody's Aa Composite (Yields) **percent
Barrons' 10 Hi-Grade Bonds (Yields) percent
Dow Jones 40-Bond Index (Yields) percent
Latest value, short interest ratio actual
Percentage change, Dow Jones 
Industrial Average, current year percent
Percentage change. Standard &
Poor's 500 Stock Composite,
current year percent
ro
CD
■ DOQ.
CgQ.
■D
CD
C/)
C/)
CD
8
3.3"
CD
CD■DOQ.CaO3"OO
CDQ.
■D
CD
C /)
C /)
Value of K
19
20
21
22
23
2k
25
26
27
28 
29
Identity Units
Time since last Dow Jones Indus­
trial Average parameter change months
Time since last Standard & Poor's 
500 Stock Composite parameter 
change months
Initial margin requirement percent
Maintenance margin requirement percent
Latest value. Barrens' Confidence 
Index actual
Current yield, 5-year Treasury 
Bonds percent
Current yield, 6-month Treasury 
bills percent
Calling bit for parameter change 
routine I 0 for no change, + for Dow Jones Industrial Average 
Index, - for Standard & Poor's 
500 Stock Composite Index tl
Margin requirement, U.S. Govern­
ment securities percent
Monthly summation. Barrons'
10 Hi-Grade Bonds actual
Monthly summation, Dow Jones 
40-Bonds actual
h*K>l\)
■o
oQ.
CgQ.
■O
CD
(/)(£O3
Value of K 
30
Identity
Monthly summation, New York Stock 
Exchange. volume
Units
(millions)
8
c5'
3
CD
Cp.
* Current dollar Gross National Product = W(1)+W(2)+W(3)+W(4)+W(5)
** percent = 7*5
*** Magnitude indicates amount, siOT indicates direction (+ = restraint; - = expansion)
CD■OOQ.Ca
o
3■OO
CDQ.
OC
■O
CD
(/)
o '
3
The list below defines some of the other variable names used in SIMSTOCKi
1.
2.
3.
4.
ad(5)
BONDS (I,J)
CPN(J)
DIV(I)
DJ(K)
- daily advance/decline ratio (cumulative)
- array of bond information for I bonds 
for J=l,2-10 character alphanumeric name
=3-ourrent price as percent of face value 
=4-annual coupon as percent of face value =5-face value factor and identifier (type of bond) 
=6-maturity date 
=7-numeric rating =8-letter rating
- coupon payments per bond J, current cycle
- dividends payable for stock I, current cycle
(deductible for short positions)
- closing daily prices, Dow Jones Industrial Average
or daily number of issues declining
row
CD
■ DOQ.CgQ.
■D
CD
(/)'
C/) 6 . IDATE(K) - Pass Two clock
o'3 for K=l, number of current week (1,2,3, or
0 =2, number of current month (1 to 12)
3
CD
=3, number of current year (I4)
8
■D 7 . KDATE(K) — Pass Three simulator clock, same as IDATE
( O '
3 " 8. LOOP - number of weeks per cycle (changed in Pass
i
3
CD
9 . NBONDS - number of bonds in game
"n
c
10. NOPTNS - number of options in game
3 .
3 "
CD 11. NPLYRS — number of players in game
CD
■D 12. NRPT(13) — reporting codes for up to 12 weeks
0
0 .
C
(by definition, NRPT(L00P+1)=0)
&
0
3 13. NSTOCK — number of stocks in game
■D
0
3 " 14. NWRNTS - number of warrants in game
1—H
Q . 15. OPTION (I,J) - array of I options
g
for J=l, contract price
■D
CD
I
C/)W
o"
16. RANDOM
17. RR(5)
=2 , option code 
=3» object common stock =4, expiration date
- current random seed for next cycle
- daily closing prices, Dow Jones Transportation
or daily number of New York Stock Exchange 
issues traded
CD
■ DOQ.CgQ.
■D
CD
C/)
C/)
Q.CgO3"OO
■D
CD
C /)
C /)
18. SP(5) - daily closing prices. Standard & Poor's 500 Stock
Composite or daily number of issues advancing. 
New York Stock Exchange
:2:
g 19. STOCKS (I,J) - array of I stocks
5 for J=l,2, 10 character alphanumeric name
market identifier and split factor 
, current price 
=5, current mean change parameter 
=6, current standard deviation parameter 
=7, current earnings per share 
=8, latest dividend
=9, months to next dividend payment, and 
 ̂ number of months for current parameters
m =10, unadjusted initial price
R Price Movement Factors i-»
fv)=11, credit rates
=12, market, general performance of 
aggregates 
=13, firmS =l4, industry
Q. =15, Consumer Price Index (cost of living)
g
f 20. VJ(5) - daily volume. New York Stock Exchange, in millions
5. of shares
21. WARNTS (I,J) - array of I warrants
for J=l, current price
=2, cash conversion 
=3, effective date (0 .0 if passed) 
=4, terminal date (0.0 if perpetual) 
»5f number of warrants per share 
=6 , common stock identifier
CD
■ DOQ.
CgQ.
■D
CD
C/)
C/)
8
ci'
22. *WKLY (I,J) - is array of weekly market data in Pass Three 
for day J
when 1=1, Dow Jones Industrial Average 
=2, Dow Jones Transportation 
=3» Standard & Poor's 500 Stock Composite =4, issues traded. New York Stock Exchange 
=5, volume. New York Stock Exchange 
=6, number advancing 
=7, number declining
=8, number unchanged (computed in Pass Three) 
=9, advance decline ratio
33"
CD
CD■DO
Q.Ca
o3"O
o
CD
Q.
* This array is also used in Pass Three for processing player cards. 
One card per order follows a player card with general informationi
(1) a fifteen alphanumeric player name;
(2) cash balance;
(3) portfolio market value;
(4) debits;
(5) total brokerage charges, all cycles;
(6) margin status;
(7) number of issues owned;(8) number of option contracts still in effect.
K>
O N
■D
CD
C /)
C /)
APPENDIX III 
NOTES ON RANDOM GENERATION
Fundamental parts of SIMSTOGK are the random gener­
ators required for the econometric and pricing subroutines. 
All computer-generated "random" numbers are the result of 
arithmetic processes, and it can therefore be argued that 
such sequences are really "deterministic." Nevertheless, 
simple arithmetic processes exist which are capable of gen­
erating a series of numbers statistically equivalent to a 
sequence of random numbers. These processes are referred 
to as psuedo-random generators. D. H. Lehmer’s definition 
of a random sequence is a useful onei "...a vague notion 
embodying the idea of a sequence in which each term is 
unpredictable to the uninitiated and whose digits pass a 
certain number of tests traditional with statisticians."^ 
Both uniformly-distributed and normally-distributed gener­
ation were required in the model, and two generative pro­
cesses were considered for each requirement.
The simplest and most widely used generators are 
"residual," or "congruence," methods of the form:
R-+^ = (AR^ + B) iModulo C.
^Cited by James T. Golden, FORTRAN IV Programming 
and Com-puting. p. 208.
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The KINGSTRAN FORTRAN II compiler includes two library func­
tions of this form. The first is a power residue, or simple 
multiplicative function, called RANL (Subroutine Number 20) 
whose output is uniform over the range 0.0 to 1,0, excluding 
the end points; it employs values of A=23.0, B=0 .0, and 
0=1.00000001.̂  The second function, RAND (Subroutine Number 
?4), employs a "mixed" multiplicative method (B/O.0). Both 
generators appeared satisfactory for the requirements of the 
model. The RAND generator was chosen based upon testing
performed by students in a seminar conducted during the
2Winter I970-I97I term at Malmstrom.
The RAND library function is also designed to gener­
ate normally-distributed numbers of mean=0.0 and standard 
deviation=l.0, by summing twelve consecutive numbers uni- - 
formly distributed between 0 .0 and 1.0 and then subtracting 
6 .0 from the sum. The individual numbers summed are cal­
culated by the uniform process RAND where A=1010101.,
B=.00096327, and 0=1.0.3 A second normal generator con­
sidered also uses inputs from a uniform generator, but uses
^University of Toronto, "Special Library Routines," KINGSTON Manual, p. 1.
2Course BA 69IB. Testing included Chi-square on 
subintervals, mean value of sample, ten-dimensional random walk, poker test, and gap test.
^KINGSTRAN Manual, p. 67.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
129
only two such values per computation. The formula employed 
is
^n ~ ( ) (cosine(2it
where r̂  ̂ and rg are the two uniformly-distributed values.
The process is a close relative of the Monte Carlo technique 
used to evaluate integrals.
Output of these generators, as mentioned previously, 
consists of random normal deviates, or "Z"-values. These 
values may be transformed to KZ + U where K is the desired 
standard deviation and U is the desired mean. Both process 
generators were tested for sample mean and standard devia­
tion, kurtosis, and goodness-of-fit. Testing was conducted 
on five runs for each generator, each run being one thousauid 
consecutive normal deviates. Each run was begun with a 
different starting "seed" for the underlying uniform pro­
cesses used as inputs * these seeds were chosen from a 
random number table. The test program calculated the 
following sample means and standard deviations for each 
run, and for the over-all sample of 5000i
^McMillan and Gonzalez, Svstems Analvsis. p. 260.
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Run No.
Total
Mean
-.00664 -.00267
Standard Deviation
RAND Formula RAND Formula
1 .02379 .04191 .96965 1.03534
2 -.03358 -.05662 1.00233 .98698
3 -.01492 .01205 .99019 .98663
4 -.00174 -.03660 .98602 ,98573
5 -.00674 .02591 1.02096 1.03236
.99375 1.00598
The results of each run have been listed to show how mis­
leading the total sample statistics arei the RAND process 
generator was superior in every run except number three for 
mean error, and had a more consistent standard deviation in 
each of the five test sequences.
All 5000 values generated by each method were tab­
ulated on an expected frequency basis with the following 
resuits «
Sample Densities
Standard Theoretical RAND Formula
leviations Densitv Actual Error Actual Error
± .5 .3829 .3786 -.0043 .3790 -.0029
±1.0 .6827 .6798 -.0029 .6806 -.0021
±1.5 .8664 .8716 +.0052 .8646 -.0018
±2.0 .9545 .9596 +.0051 .9536 -.0019
±2.5 .9876 .9868 -.0008 .9878 +.0002
±3.0 .9973 .9986 +.0016 .9974 +.0001
Both methods performed satisfactorily while again the formula 
generator appeared somewhat better. The tabulation for good­
ness-of-f it was more detailed than above, however; values
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were grouped into non-cumulative intervals of .025 standard 
deviations. RAND had better Chi-square test results. Also, 
the formula generator had a higher, or less acceptable, 
Kolgomirov-Smirnoff statistic. A higher concentration of 
values outside the ±2.75 standard deviations range was the 
primary cause, although an asymmetric tendency was discern­
ible throughout the formula-generated sample.
The RAND generator was chosen for inclusion in the 
model primarily due to its predictability and symmetry. A 
"side" benefit was also realized in speed: RAND is about
four times faster computationally than the other process.
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APPENDIX IV
SAMPLE TEST RESULT
Year
1
1
1
1
2
2
2
2
33
33 
4-
4
4 ■ 4
5 5 5 
5
Quarter
1
2
34 
1 
2
34 
1 
2
34 
1 
2
34 
1 
2
34
GNP* FRB Index*
7.28
7.24
5.88
8.95
3.41
2.71
1.30
4.16
7.41 3.11
Average 7.352 2.943
* Percentage gain for year ending in quarter shown.
** Current monthly value of the diffusion index of leading 
barometric indicators for month coinciding with end of 
quarter shown.
*** Extremities of values of Dow Jones Industrials for month 
shown.
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APPENDIX IV— Continued
Leading** DJIA***
CPI* Barometric Index High Low
_ _ .49 8I5 782
.48 876 798
.53 879 859
3.85 .63 919 847
.71 955 902
.67 951 905
.43 932 859
4.52 .39 863 810
  .37 825 698
- - .21 723 631
.31 7^3 628
4.53 .40 789 678
.48 853 745
_ _ .67 901 832
.71 889 834
4.77 .74 893 846
_  -  .62 912 855
  .63 923 848
- - .56 913 863
4.24 .54 887 824
4.387
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